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[57] ABSTRACT 

A technique and instrumentation for transferring the exit site 
of a catheter, such as a nasal biliary catheter, from the mouth 
to the nose are described herein. The disclosed instrumen- 
tation includes a nasopharyngeal transfer catheter which has 
a tip of magnetically attractable material and a correspond- 
ing magnetic wand. The transfer catheter also includes a 
lateral hole therein near the its distal end which serves to 
facilitate attachment with the magnetic wand by increasing 
the flexibility of the transfer catheter in the direction towards 
the magnetic wand, while also providing access means for 
passing an nasal biliary catheter therethrough to effectuate 
the transfer of the nasal biliary catheter from the mouth to 
the nose. Alignment orientation and distance markings are 
also provided on nasopharyngeal transfer catheter which 
facilitate the locating and attaching the tip of the transfer 
catheter to the magnetic wand. 



3 Claims, 5 Drawing Sheets 
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Fig. 2b 
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Fig. 2c 



06/07/2003, EAST Version: 1.03.0002 



U.S. Patent Feb. 20, 1996 Sheet 5 of 5 5,492,538 




Fig. 3 



06/07/2003, EAST Version: 1.03.0002 



5,492,538 



METHOD FO R TR ANSFERRING THE EXIT 
SITE OF A CATHETER FROM THE MOUTH 
TO THE NOSE AND INSTRUMENTATION 
USEFUL THEREFOR 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to facilitating the transfer of the exit 
site of a catheter from the mouth to the cose. Devices that io 
typically require this assistance include nasociliary stents 
and endoscopically placed drainage and feeding devices. A 
device of the present invention could be useful in other 
procedures as well, such as, for example, the stabilization of 
nasally placed devices by a maneuver known as "bridling " 15 

2. Description of the Prior Art 

It is sometimes desirable to place a catheter into the 
biliary system, pancreas, or upper gastrointestinal tract 
through the mouth. After the catheter has been endoscopi- 
cally implanted, the proximal end of the catheter is stationed 20 
out of the mouth of the patient It is preferable, however, to 
transfer the exit site of the catheter to the nose, which is 
much more convenient and comfortable for the patient and 
reduces the risk that the catheter will be damaged by 
mastication. The transfer procedure is typically accom- 25 
plished with the use of a well-lubricated nasopharyngeal 
tube which is advanced through the nostril and down the 
pharynx. The endoscopist then grasps the tip of the nasopha- 
ryngeal tube in the posterior oropharynx region with his or 
her index finger (or sometimes with forceps) and pulls it out 30 
through the mouth. The tip of the catheter is then threaded 
through a hole at or near the oral end of the nasopharyngeal 
tube and advanced until it exits through the nasal end of the 
tube. The nasopharyngeal tube is then slowly pulled out 
through the nostril, bringing the catheter along with it 35 

Problems are encountered in this procedure, however, in 
the process of locating, grasping, and pulling the nasopha- 
ryngeal tube out through the mouth once it has been 
advanced into the posterior oropharynx region. This is at 
least partly because the nasopharyngeal tube can sometimes 40 
be difficult to locate and grasp, particularly if the physician 
or assistant performing the maneuver has shorter fingers or 
the patient has an unusually small mouth. On occasion, the 
grasping digit has been bitten by the patient while trying to 
locate and pull the nasopharyngeal tube out through the 45 
mouth. The alternative of using a grasping instrument such 
as forceps, on the other hand, means that the posterior 
oropharynx region must be probed blindly to locate and 
securely grasp the nasopharyngeal tube for extraction. With* 
out the benefit of a visual or tactile aid, a fair amount of time 50 
and effort is often required before the nasopharyngeal tube 
can be successfully extracted from the patient with forceps. 
And, as with the experience of having a hand reach into the 
back of your mouth, this blind probing with a foreign 
instrument into a sensitive region of the body can be 55 
uncomfortable and unpleasant for the patient and can result 
in trauma to the pharyngeal tissues. Both patient and phy- 
sician would benefit from an improved way of accomplish- 
ing the transfer of a catheter from the mouth to the nose. 
Such an improved procedure would enable the physician to 60 
easily locate and extract the nasopharyngeal transfer device, 
and would do so in a way that would alleviate the unpleas- 
antness and risks of the experience to the patient 

SUMMARY OF THE INVENTION 

The present invention provides a new and safer way of 
transferring the proximal end of a catheter, such as a nasal 
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biliary catheter, from the mouth to the nose, and provides 
new instrumentation which is designed for accorm?lishing 
this transfer. Such instrumentation, as described herein, 
enables the physician to be able to easily locate and extract 
a nasopharyngeal transfer catheter after it ha3 been inserted 
into the nostril and through the nasal passageway and into 
. the posterior oropharyngeal region. With the present inven- 
tion, a physician can perform the procedure of trarisferring 
the exit site of a catheter from the mouth to the nose without 
risking injury from being bitten, and while also removing 
much of the unpleasantness and risk of the experience to the 
patient 

As described herein, instrumentation for the present 
invention includes a specially constructed nasopharyngeal 
transfer catheter with a tip of magnetically attractable mate- 
rial and a corresponding magnetic wand A lateral hole 
which is formed near the distal end of the transfer catheter 
which both serves to facilitate attachment and provides 
access for passing a catheter therethrough as part of the 
transfer procedure. Orientation and distance markings are 
also provided which facilitate the locating and attaching of 
the transfer catheter tip to the magnetic wand. 

It is an object of the present invention to provide a safe 
and easy way to transfer the exit site of a catheter from the 
mouth to the nose, and to do so in a way which is less 
traumatic for the patient A full appreciation of this invention 
and its benefits can be drawn from a review of the following 
detail specification and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. la is a partially fragmented side elevational view of 
a nasopharyngeal transfer catheter which is specially con- 
structed for use with the present invention. FIG. lb is a side 
elevational view of a magnetic wand which is used with the 
present invention to locate and extract the nasopharyngeal 
transfer catheter of FIG. la out through the mouth after the 
transfer catheter has been passed in the nose and through the 
sinus passageways into the posterior oropharynx region. 

FIGS. 2a-c are side cross-sectional views of the head and 
neck portion of a patient 100, and illustrating the nasal-oral- 
pharyngeal passageways therein and showing a nasal biliary 
catheter 30 which has been endoscopically placed into the 
patient In FIG. 2a, nasopharyngeal transfer catheter 10 has 
been passed through the nasal passageways of the patient 
and in the posterior oropharyngeal region, and magnetic 
wand 20 has been inserted through the mouth toward this 
region. FIG. 2b shows transfer catheter 10 having been 
magnetically attracted towards wand 20 to form an attach- 
ment therewith. In FIG. 2c, transfer catheter 20 has been 
pulled out through the mouth by magnetic wand 20, and 
nasal biliary catheter 30 has been advanced through lateral 
slot 12 and out through the proximal end 19 of nasopha- 
ryngeal transfer catheter 10. 

FIG. 3 is an illustration of patient 100 with the transfer 
procedure having been completed and with nasal biliary 
catheter 30 in fully in place for use. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
language will be used to describe the same. It will never- 
theless be understood that no limitation of the scope of the 
invention is thereby intended, such alterations and further 
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modifications in the illustrated device, and such further 
applications of the principles of the invention as illustrated 
therein being contemplated as would normally occur to one 
skilled in the art to which the invention relates. 

Referring now to the drawings, there is provided nasal 5 
transfer catheter 10 and magnetic wand 20 which are con- 
structed to accomplish a secure attachment in the posterior 
oropharyngeal region with ease and with mini mal resistance. 
For this purpose, wand 20 includes a high gauss magnet (for 
example, an alloy type magnet such as Alnico or reodynium- 10 
ion-boron) 21 at its distal tip and dp 11, formed at the end 
of tubular transfer catheter 10, is made of a suitably mag- 
netized material that will attach to magnet 21. Two distance 
markings 14 and 15 have been placed on transfer catheter 10 
in the form of rings at 12 and 14 cm. distances, respectively, 15 
from distal dp 11 of transfer catheter 10. Distance markings 
have been placed, in distance to distal tip 11, to approximate 
the range of distances normally expected to be encountered 
in an adult patient between the nasolabial fold and his/her 
posterior pharynx. 20 

Transfer catheter 10 additionally has an alignment orien- 
tation marking in the form of a long line 13 which is to be 
oriented cephalad, and transfer catheter 10 is also formed in 
a curvature along its length to facilitate advancement 
through the nasal passageway. When properly alligned with 25 
the aid of alignment orientation marking 13, this curved 
structure allows transfer catheter 10 to easily follow the arc 
of the palate and pass into the posterior pharynx with less 
effort and trauma. Lateral hole 12, which is disposed oppo- 
sitely of orientation mark 13 on transfer catheter 10, is 30 
oriented anteriorly to enhance the flexibility of transfer 
catheter 10 near its distal tip and to thus facilitate the 
forming of the desired attachment with magnetic wand 20. 

FIGS. 2o-c are side cross-sectional views of the head and 
neck portion of a patient 100, and illustrating the nasal-oral- 
pharyngeal passageways therein and showing a nasal biliary 
catheter 30 which has been endoscopicaDy placed into a 
patient As shown in FIG. 2a, nasopharyngeal transfer 
catheter 10 has been advanced through the nasal passage* ^ 
ways so that the first black ring 14 is no longer showing, and 
magnetic wand 20 has been introduced into the mouth of 
patient 100 and in toward the posterior oralpharyngeal 
region 102. Preferably, magnetic wand 20 should be kept to 
one side and be positioned about 5 mm. away from the 45 
posterior pharynx. 

If wand 20 does not engage transfer catheter 10 after wand 
20 and transfer catheter 10 have been advanced as shown in 
FIG. 2a, the physician should then slowly advance transfer 
catheter 10 further until the second distance ring 15 is 50 
touching nasolabial fold 101. Magnet 21 will then capture 
transfer catheter 10 in most adults. In children, the distance 
is more variable, thus requiring a visual estimation on the 
part of the physician. FIG. 2b shows transfer catheter 10 
having been magnetically attracted towards wand 20 to form 55 
an attachment therewith. In FIG. 2b, it is also seen how 
lateral slot 12 enhances the flexibility of catheter 10 towards 
magnetic wand 20, thereby facilitating the formation of the 
attachment 

In FIG. 2c, transfer catheter 10 has been pulled out 60 
through the mouth by magnetic wand 20, and nasal biliary 
catheter 30 has been advanced through lateral slot 12 and out 
through the proximal end 19 of nasopharyngeal transfer 
catheter 10. So configured, transfer catheter 10 and nasal 
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biliary catheter 30 can be pulled out together through the 
nasal passageways and out through the nose to effectuate the 
desired transfer of nasal biliary catheter 30 to a nasal exit 
site. 

It is preferred to use a high gauss force magnet 21 in 
magnetic wand 20 to ensure that catheter 10 is gripped with 
enough force to engage and drag catheter 10 out through the 
mouth. It is to be appreciated, though, that the invention may 
be practically performed with magnets of lesser strength. 
Also, a magnet could alternatively be placed on the distal tip 
of transfer catheter 10, with magnetically attractive material 
placed on the distal tip of wand 20, or two magnets, with 
oppositely disposed facing polarities, could be used as well. 

While the invention has been illustrated and described in 
detail in the drawings and foregoing description, the same is 
to be considered as illustrative and not restrictive in char- 
acter, it being understood that only the preferred embodi- 
ment has been shown and described and that all changes and 
modifications that come within the spirit of the invention are 
desired to be protected. 

What is claimed is: 

1. Instrumentation for transferring the proximal end of a 
catheter from the mouth to the nose, said mstrumentation 
comprising: 

a nasopharyngeal transfer catheter, said nasopharyngeal 
transfer catheter being generally tubular in structure 
and including a distal tip portion formed at least 
partially by magnetically attractable material, said 
transfer catheter being sized for insertion into a nostril 
of a patient and advanceable through the nasal passage- 
way to position said distal tip portion of said transfer 
catheter in the posterior oralpharyngeal region; and 

a wand, said wand including a distal tip portion formed at 
least partially by magnetically attractable material, said 
wand being sized for insertion into the mouth of a 
patient and advanceable therein to position said distal 
tip portion of said wand in the posterior oralpharyngeal 
region; 

the magnetically attractable material in one of said distal 
tip portion of said transfer catheter and said distal tip 
portion of said wand being a magnet of sufficient 
strength to attract and attach to the magnetically 
attractable material in the other of said two distal tip 
portions when said two distal tip portions are both 
positioned in the posterior oralpharyngeal region, with 
the formed magnetic attachment being strong enough to 
enable said transfer catheter to be pulled out through 
the mouth by said wand. 
Z The instrumentation of claim 1 in which said transfer 
catheter further has formed therein a lateral hole in prox- 
imity to said distal tip portion thereof providing access for 
passing a catheter through said transfer catheter while also 
enhancing the flexibility thereof at the distal tip portion of 
said transfer catheter in the direction of said lateral hole. 

3. The instrumentation of claim 2 wherein said transfer 
catheter further includes an orientation marking along at 
least a portion of the length thereof to thereby provide a 
visual aid to facilitate the anterior alignment of said lateral 
hole when said transfer catheter has been advanced through 
the nasal passageway and into the posterior oralpharyngeal 
region. 
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ABSTRACT 



A medical electrical lead which features aportion of the lead 
body which may be made temporarily stiff. The lead pre- 
fened is designed far implantation into a body and would 
include electrodes for both the ventricle and the atrium. The 
temporarily stiff portion may be located along the lead body 
in the area strictly within the atrium or may also include 
portions of the lead body implanted in the ventricle or even 
in the superior vena cava. The atrial portion further includes 
one or more electrodes. The te mporari ly stiff portion is 
formed through the use of a cavity In the lead body filled 
with magnet-iheologic fluid (hereinafter called "MRF"*). 
Once the lead is implanted, a magnet may be used to 
communicate with the lead body and, in particular, with the 
MRF tilled cavity. While in the magnetic field, the MRF will 
become solid and the lead body in such an area will become 
stiffec The lead body, moreover, in this area win also be 
attracted to the magnet thereby causing the lead body in that 
portion to migrate towards the magnet The MRF filled 
cavity may either be cylindrical in cross-section or have 
other cross-sections, such as a semi-circle. The temporarily 
stiff portion may be located anywhere along the lead body 
between the proximal and distal ends. In the p r ef e rr ed 
embodiment the t emp or ari ly stiff portion is located between 
approximately 0 and 20 cm from the lead distal end and is 
between ar^mtximatdy 2 cm and 20 cm in total length. In an 
additional embodfmfnt the lead is disclosed for coronary 
sinus placement. Finally, a further enibodirnent is shown 
which features MRF for the transfer of force from a stylet to 
the lead. 

17 Claims, 4 Drawing Sheets 
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MEDICAL ELECTRICAL LEAD WITH made temporarily stiff. The lead preferred is designed far 

TEMPORARILY STIFF PORTION implantation into a body and would include electrodes for 

both the ventricle and the atrium. The temporarily stiff 

FIELD OF INVENTION portion may be located along the lead body in the area 

The present invention relates to medical electrical leads 5 strictl y within me atrium or may also include portions of (he 

and, more particularly, to mpHirai electrical leads having a lead body implanted in the ventricle or even in the superior 

temporarily stiff portion. vena cava. Tbe atrial portion further includes one or more 

electrodes. The temporarily stiff portion is formed through 

BACKGROUND OF THE INVENTION the use of a cavity in the lead body filled with magnet- 

In the medical field, various types of body implantable 10 ***** Qmtoa&ac^'WXFyOaet tot kadis 

leads are known and used. One type of commonly used implanted, a magnet may be used to c nmTmmi catc with the 

implantable lead is an endocardial pacing lead. lead b«ry and, in P^nc^Br MRF fiUed cavity 

E*tocardial pacing leads are attaAed at their proximal fid * ^J^™ 11 E^™? 

end to an inmlaSpulse generator and at A^Kd 9*}°** body m such an area wm become stuTcr/Tne lead 

an encocardial lead may engage the endocar^^ earner S ^ ^ IT™ * 

v^r^. * T 6 " 6 . 1 . 7 ~^ misrate towards me mamwii The MRF filled cavitv mav 

«n active fi^oo mcchani5m or fi*tioo mecha- Sto J^Elad SS-^ctloo^ £v7 <S*a^ 

4 . ^ , . , . . . sections, such as a semi-circle. The temporarily stiff portion 

Active fi^c^ n^echaiiismfl use a strac^ such as heto M ^ te locatol ^ ^ ^d body between the 

or nook, to physically engage into or actively affix them- prarfmal and distal ends. In the preferred *mhnHm»>nt the 

selves onto fcheart. Passive fixah^ iwrh a nimis, such as ternporariry stiff portion is k)calM between ar^ximalely 0 

a tme assembly, lodge or passively fix themselves to the ^ & m ^ ^ lcmd ^ cad ^ ^ ^^^p^ 

hcalt mately 2 cm and 20 cm in total length. In an additional 
One problem common to all such fixation systems, 25 embodiment the lead is disclosed for coronary sinus place- 
however, is to reliably fix such a kad in the atrial chamber. m*nt Finally * ftwthw wnhn A'mmt in shnom ™MrH f^tiwc 
The atrium, unlike the ventricle, is relatively smooth in its MRF for the transfer of force ton a stylet to the lead. 

interior. Thus, passive fixation systems, such as tines, are not 

able to reliably engage into structures along the interior BRIEF DESCRIPTION OF THE DRAWINGS 

portion of the atrium. The atrial chamber, moreover, is also so FIO. 1 is a vxrwofa system featiuing a lead of the present 

generally thin. This means mat there is not a large, meaty, invention. 

portion oftissue available for an active fixation device to FIO. 2 is a cross-sectional view of the lead body shown 

engage with. u pR}. L b 

Others have attempted to provide leads which may be no. 3 is aside view showing a lead implanted within a 

adequately fixed into the atrium, these, however, have met 35 ^ g n^—j ^ to stiffen the lead body, 

w^limitedj^ U & Pat Na 4^88jpro- ^ aribod ^ rf ^ m 

vided a J-shaped atrial lead in which me pre-bem J-rxsrtion btg L 

of the lead was formed using a separate metallic strip. . . 4 . , 

During chronic use, however, mis metallic strip often d£ HQ. 5 is an alternate anbodiment of a lead which is 

lodged or separated from the lead body upon which it 40 to mmlairtation tn the coronary sinus, 

presented a sharpened metal barb to the tissues. Not ™3. f is an alternative canhodiment of a lead, 

surprisingly, this unfortunately had catastrophic conse- FID. 7 is a alternate embodiment of the lead shown in 

quences for the patients. Another approach to electrode FIO. L 

placement within the atrium may be seen in the patent of FID. 8 is a cms- sectional view of the lead body shown 

Rtestriena U.S. Fat No. 4,401,126 which discloses a lead 45 in FIG. 7. 

body having various loops and stiffness of the lead body in Tbe FIGS, are not necessarily to scale. 

the atrium. This design, however, has several drawbacks, , n .- - . ™ 

deluding k being dtt^ DETAILED DESCRIPTION OF THE DRAWINGS 

the loop containing the electrodes, as well as the lead body ft is to be understood, that the present invention is not 
being permanently stiff in the area of fee atrium. Permanent so limited to use only in introducing atrial or venrtoilar paring 
stiffness of the lead body in me area of the atrium may have leads, and may be employed mimrrxtiyingmany of various 
several drawbacks. Rrst, because the lead is extra stiff in the types of therapeutic or diagnostic devices inrforiing trans- 
area of the atrium and the atrium is not the most strong venous leads intended to be disposed at various places 
portion of the heart, the stiffened lead body may not permit wimin patient, including, for example, leads intended to be 
the atrium to rally contract when such a lead is implanted. 53 disposed within the patient's coronary sinus, as well as 
This can cause a hemodynamic insufficiency or impair various other types of electrical leads, including nerve, 
cardiac output Moreover, when a stiffened body is placed muscle or defibrillation leads, ft is to be former understood, 
within the atrium the heart muscle may develop, in response moreover, the present invention may be employed in intro- 
to the object, so as to contract with greater force in me area. dDdng many of various types of therapeutic or diagnostic 
This increased area of heart tissue, often called 60 catheters and is not limited only to the introduction of 
cardiomyopathy, may have untoward effects on the condne- electrical leads. For purposes of flhisteation only, however, 
tion pathways, also contributing to diminished cardiac oat- the preset mveation is below described in the context of the 
put introduction of endocardial pacing leads. The term lead," 

™ mrm _ however, is used in the broadest possible manner and should 

SUMMARY OF THE INVENTION „ * read to include any doogated medical device. 

The present invention concerns a medical electrical lead FIG. 1 is a view of a lead of the present invention, As 
which features a portion of the lead body which may be seen, lead 1 is used to couple an unpUntahle pulse generator 
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2 to a heart 3. implantable pulse generator as used herein electrodes to become in better contact with the heart tissue, 

refers to any device which provides electrical stimulation Moreover! due to the increased stiffness of the lead body in 

therapy to a body tissue or organ and is not intended to this portion, the heart tissue wQl be aggravated by the 

merely be limited to a so-called pacemaker. In the preferred temporarily stiff lead body thereby nerd renting the growth 

embodiment, however, implantable pulse generator com- $ of fihrotic tissue in this area. Ultimately, such fibrotic tissue 

prises any dual chamber model selected from the Medtronic growth will act to fix or couple, through such tissue, the lead 

Thera series of pacemakers. As seen, lead 1 has essentially body, and thus the nearby electrodes, to the heart Long term, 

three portions, a cc^ectcri^asseimMy4,aleadcody5and this means the lead is better coupled to the previously 

an electrode portion 6. Connector pin assembly 4 is of any uncoupleable atrial tissue. In addition, the lead body in this 

standard design suitable for use of coupling the lead to an 10 area will also be attracted to the magnet thereby causing the 

Implantable m r^i ™i device suds as those connectors con- lead body in that portion to migrate towards the magnet and 

forming to the 1S-1 standard, to name an example. Lead further assist in the optimal contact of the electrodes to the 

body 5 is constructed from an insukrive sheath 18 and one heart tissue. Once sufficient fihrotic tissue growth is seen, 

or more conductors 11, as best seen in FIG. 2. mectrode then the magnetic field is removed and the lead body again 

portion 6 of lead body features a pair of electrode 61, 62 15 goes into a relatively more flexible ox flaccid disposition- 

spaced apart a distance 8.6 mm. Further details concerning The magnetic field may be provided using either a conven- 

atrial electrodes as well as the tip electrode 63 which may be tional magnet or some sort of electromagnet, whichever is 

used can be found in the U-S. Fat No. 5,628,778 "Single preferred. As discussed above, the particular intensity nec- 

Pass Medical Electrical Lead** of Kruse et aL iwrfgn^i to the essary to achieve the desired transformation of the MRF 

assignee of the present invention and incorporated herein by 20 from liquid to solid depends upon the particular MRF used, 

reference. As discuss*** in more detail below, the electrode Moreover, because implantable pulse generators typically 

portion of the lead body features one or more cavities utilize magnetic reed switches it is further comprehended 

containing MRF fluid. Thus, when me MRF is made solid mat a second magnet (not shown) may be provided in the 

through the presence of a magnetic field, the corresponding vicinity of the pulse generator to prevent the lead body 

section of the lead body will become stiff er. As seen in this 25 stiffened magnet to reset or trip reed switch in the pulse 

embodiment the MRF 15 extends for a length 81 at a generator. 

distance 82 from the distal end of the lead. In the preferred FIG. 4 is a alternative rrnbodiTTynt of the lead shown in 

embodiment both length and distance are approximately 8 FIG. 1. In particular, In this FIG. the lead shown in FIG. 1 

cm. Of course, each c^merudon may vary, tt is conceived the is entirely the same but for a varied cross-section of the lead 

cavity containing MRF may extend for a length of approxi- 30 body. As seen in this embodiment, the lead body is an 

mately 2-20 cm at a distance from approximately O~20 cm insuWve sheam 28 having a series of three lumens 21 being 

from the distal end of the lead. Moreover; although a single circular in cross-section with a fourth lumen 22 being 

MRF cavity is illustrated, rnumple cavities containing MRF serni^ucular in cros^sectioa. Through such a cross section 

may also be incremented, as shown below. the flex characteristics of the lead body in the vicinity of me 

FIG. 2 is a cross-section of the lead body shown in FIG. 33 MRF may be changed, in particular, me lead body may be 

L As mfntimM*! above, lead body is constructed from an made to become more stiff due to the MRF as compared to 

inmfrft*! polymer rfwijith ia >nrf nrmnrr conductors 1L a simple cylinder filled with MRF. Moreover, almough me 

In the preferred -m*™**™** sheath is siHcone and has four send-cyHndrical shape is shown, other shapes may be used, 

cylindrical cavities running at least within a portion of the such as squares, ellipses, rectangles or any combination 

length of the sheam. Positioned along the length of three 40 thereto. 

such cavities are the conductors. In the piefcir ed embothV FIG. 5 is an alternative embodiment of a lead design for 

mmt mpifnrtnn enfled nrnM -filar mmtugtef* rf a bio- irnpJantation in the coronary sinus. As seen the lead body in 

rrmpgrihte alloy such as MF35K. Almough shown as coiled this embodiment features an MRF portion which extends 

conductors it should be understood other devices of eon- from the distal end of the lead for an amount preferably 

doctors may also be used such as bundle stranded wires, 45 between 12-15 cm so that it extends, in a patient, from the 

Moreover, the coiled design of the conductors as well as SVC to the great vein. Through this design the distal portion 

their cross-sections may also be varied if desired. As seen, of the lead body may be stiffened using a magnet to thereby 

a fourth lumen wfmin the sheath is filled with MRF 15. As increase the ease of insertion of the lead in the coronary 

discussed above, MRF is a material which normally exists in sinus. In this emfwdimest the lead further features a distal 

a liquid form, but, in me presence of a sufficiently intense so type electrode as well as two riiig electrodes of a design well 

wmgnMtr field, will act as a solid. The particular intensity known in the art 

necessary to achieve the desired transformation of the MRF FIG. 6 is an alternative embodiment of a lead. In mis 
from h-quid to soUd depends upon u^ particular MRF used, embodiment MRF is used so as to ™>h*rtr* the ability of a 
mtheraWerredembodim^ stylet to control the end of the lead whfert necessitating any 
a silicone oil based MRF available from Lord Corporation, 55 complex stylet lead Imralo c ta . As seen lead 1H is con- 
405 Gregson Drive, Gary, N.C, USA. structed in a typical fashion, feitturing coiled conductor 101 
FIG. 3 is a side view showing a lead according to the and insulatfve sheam 182. Both sheath and conductor may 
present invention i mp 1 *"* 1 *** within a patient having a mag- be fabricated from any desired inarms!, such as silicone and 
net placed in proumity to thereby cause the lead body to MP35N respectively to name an example. Positioned on the 
stiffen. As discussed above, the MRF solidifies when in the 60 distal end of lead is distal cap assembly 183. Distal cap 
presence of a magnet 99. The lead according to the present assembly feature a cavity filled with MRF 18*. Distal cap 
invention features a portion of the lead body having MRF assembly further features a valve 187 so as to maintain die 
therein. When such a lead is placed in the presence of a MRF whOe in the fluid state within cavity. Valve may be of 
m» gw*ie field the MRF wul solidify causing the lead body any design such mat a stylet 188 may be introduced there- 
flex characteristics to thereby also solidify or stiffen. 65 through and into the MRF. In the embodiment shown valve 
Through such a design, the lead body will be drawn against comprises a annular flap of silicone having a hole therc- 
the heart waff in the direction shown thereby causing the through- Stylet features a bulb at its distal end. Bulb 
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increases the amount of friction between the MRF and the 
stylet once the MRF is made solid. This permits the stylet to 
be pulled in the direction 110 or pushed in the direction 111 
so as to better enable MRF and stylet to manipulate the lead. 
As described above, MRF is only solid within the presence 
of a suffideiit magnetic field. Thus, once the magnet Is 
removed, then stylet may be easily removed from MRF 1#6. 
Although not illustrated, it is quite possible to make the 
stylet itself electromagnetic such mat the stylet could be 
used to modify the state of the MRF. 

FIG. 7 is an alternative embodiment of the present inven- 
tion. In this FIG. only the distal half of lead 1 is shown, 
although connector pin assembly is the same as mat dis- 
cussed above. In mis enmod^nem^ electrode pc^on 6 of lead 
body 5 feature a pair of cavities 75, 76 containing MRF 
fluid. Cavity 75 extends for a length 85 of between approxi- 
mately 1-10 cm with approximately 4 cm preferred. Cavity 
76 extends for a length 86 of between approximately 1-10 
cm with approximately 4 cm preferred. As seen each cavity 
borders an electrode 61, 62 which function as a bipolar 
electrode for use in stimulating and sensing the heart As 
discussed above, electrodes may be constructed in any 
suitable fashion known in the art Ibe electrodes are spaced 
apart a distance 8.6 mm. Further details concerning atrial 
dectrodes which may be used can be found in the US. Pat 
No. 5,628,778 "Single Pass Medical Electrical Lead* of 
Kruse et at assigned to the assignee of (he present invention 
and incorporated herein by reference. 

FIG. 8 is a cross sectional view across line 8—8 of the 
lead body shown in FIG. 7 As seen in this cnirxxhinent the 
MRF containing cavity 75 is rectangular in cross section. 
Although only one cavity is shown in this view, me other 
cavity 76 is also rectangular in shape; In this er^bodiment 
the conductors 98 used are fashioned from HBSW wire of 
MP35N. 

Atthmigh m «pm'fir «n*wwt*m*irf cf *y» iTrvrntfrn hit frrm 
disclosed, this is done for the purposes of flmstratfon and is 
not intended to be limiting with regard to the scope of the 
invention. It is contemplated that various substitutions, 
alterations, and/or modifications, InclndiDg but not limited 
to those specifically discussed herein, may be made to the 
disclosed embodiment of the invention without departing 
from the spirit and scope of the invention as defined in the 
appended claims, which follow. 

What is «*1*mwH jg; 

1. A medical electrical lead comraising: 
a lead body, the lead body having a first portion and a 

second portion, the lead body further having an insu- 
lative sheath and a conductor, me insulative sheath 
having a first end and a second end, the corrector 
positioned within the insulative sheath and extending 
between the first end and the second end; 

means for tennxsarily making a first portioa of me lead 
body more stiff by exposing the first portion to 
magnetic field; and 

an electrode positioned near the second cod, the electrode 
coupled to the conductor. 

2. A medical electrical lead according to daim 1 wherein 
me means for tenxxrarfly mazing a first portion of the lead *> 
body more stiff comprises a flm cavity m the nrtt portion of 
the lead body, the first cavity containing a first amount of 
MRF. 

3. A medical electrical lead according to claim 2 wherein 
the first cavity is within the insulative sheath. 
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4. A medical electrical lead according to claim 2 wherein 
the first cavity comprises a cylindrical cavity. 

5. A medical electrical lead according to daim 4 wherein 
the cylindrical cavity is within the insulative sheath. 

6. A medical electrical lead according to claim 2 wherein 
the first cavity is located approximately 8 cm from the distal 
tip. 

7. A medical electrical lead according to daim 2 wherein 
the first cavity is approximately 8 cm long. 

8. A medical dectrical lead comprising: 
a lead body, the lead body having a first portion and a 

second portion, the lead body further having an insu- 
lative sheath and a conductor, the insulative sheath 
having a first end and a second end, the conductor 
positioned within the insulative sheath and extending 
between the first end and the second end; 
a stylet positioned extending from a first end of the lead 

body into an interior portion of the lead body 
means for temporarily permitting the longitudinal transfer 
of force between the stylet and the lead body by 
exposing the lead body to a magnetic field, 
t. A medical electrical lead according to daim 8 wherein 
the lead body has at least a first cavity m me first portion, the 
first cavity containing a first amount of MRF. 
It. A medical electrical lead comprising: 
a lead body, the lead body having a first portion and a 
second portion, the lead body further having an insu- 
lative sheath and a conductor, the insulative sheath 
having a first end and a second end, the conductor 
positioned wimin the insulative sheath and ***»nrffag 
between the first end and the second end; 

trmpvmw fly maHng tS^. first pnrrirm nf tfa»» \t**A 

body more stiff by exposing me first portion to a first 

tyiayif^fc fidd; 

means for temporarily making the second portion of the 
lead body more stiff by exposing the second portion to 
a second m»gn**w» field; and 
an electrode positioned near the second end, the electrode 

coupled to the ccodnctor. 
11 A medical electrical lead according to daim 18 
wherein the means for teiupuaiDy making a first portion of 
45 the lead body more stiff comprises a first cavity in the first 
portion of the lead body, the first cavity containing a first 
amount of MRF. 

12. A medical ekrtriral lead according to claim 18 
wherein me means for temporarily mating a second portion 
of the lead body more stiff comprises a second cavity in the 
second portion of the lead body, the second cavity contain- 
ing a first amount of MRF. 

13. A medical electrical lead according to claim 12 
wherein the first cavity is wimin the insulative sheath. 

14. A medical electrical lead according to daim 12 
wherein die first cavity comraises a cylindrical cavity. 

15. A medical decrriral lead according to daim 14 
wherein the cylindrical cavity is within the insulative sheath. 

16. A medical electrical lead according to claim 12 
wherein the first cavity is located appr oximatdy 8 cm from 
the distal tip. 

17. A medical electrical lead according Co claim 12 
wherein the first cavity is approximately 8 cm long. 
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[57] ABSTRACT 

Magnetically alterable material, such as magnetostrictive 
material, is used in combination with a suitable substrate and 
a suitable magnetic field to produce a stylet and lead 
assembly that curves in response to a suitable magnetic field. 

15 Claims, 6 Drawing Sheets 
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STEERABLE ENDOCARDIAL LEAD USING 
MAGNETOSTRICTIVE MATERIAL AND A 
MAGNETIC FIELD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to cardiac stimu- 
lation and, more particularly, to an implantable endocardial 
lead assembly with apparatus for magnetically steering the 
lead assembly during implantation. 

2. Description of the Related Art 

For a variety of reasons, a person's heart may not function 
properly and, thus, endanger the person's well-being. Medi- 
cal devices have been developed to facilitate heart function. 
For instance, if a person's heart does not beat properly, a 
cardiac stimulator may be used to provide relief. A cardiac 
stimulator, such as a pacemaker, is a medical device that 
delivers electrical stimulation to a patient's heart. A cardiac 
stimulator generally includes a pulse generator for creating 
electrical stimulation pulses and at least one conductive lead 
having an electrode at one end for delivering these electrical 
stimulation pulses to the designated portion of the heart. 

Dual chamber pacemakers are capable of sensing and/or 
pacing in two chambers, typically the right atrium and right 
ventricle. Accordingly, dual chamber pacemakers typically 
utilize two leads — an atrial lead and a ventricular lead. The 
distal ends of the atrial lead and the ventricular lead are 
coupled to the dual chamber pacemaker. The proximal end 
of the atrial lead is threaded through the superior vena cava 
and into the right atrium of the heart. Similarly, the proximal 
end of the ventricular lead is threaded through the superior 
vena cava, through the right atrium, and into the right 
ventricle of the heart Each lead includes a mechanism on its 
distal end that attaches to the inner wall of the heart to 
establish the required electrical connection between the 
pacemaker and the heart. 

Since leads of this type reside within a beating heart, the 
heart imparts mechanical forces into the leads almost con- 
stantly. Such forces cause the leads to bend and flex over and 
over again. Because of this somewhat severe environment, 
such leads are typcially made to be quite flexible to with- 
stand these forces for a prolonged period of time. By way of 
example, a lead may include a coiled conductor covered in 
polyurethane to provide the desired flexibility. 

To implant a lead, a physician inserts the lead through a 
body vessel, such as a vein or an artery, and, using 
fluoroscopy, directs the lead into the heart. However, 
because the lead is so flexible, it cannot typically be directed 
through the body vessel and into the heart without some 
means of guiding the lead through complex vasculature. 
Common leads are hollow along their length. Therefore, the 
physician typically guides the lead into the patient's heart by 
manipulating a stylet that is disposed within the lead. A 
common stylet is stiller than a lead, yet flexible enough to 
wind through the body vessels and heart chambers. Once the 
physician places the lead's electrode at the proper location 
within the heart, the physician withdraws the stylet from the 
lead. 

In many cases, the precise placement of the lead's elec- 
trode within the heart is desirable. Conventional techniques 
for guiding the electrode to the desired location in the heart 
place great reliance on the skill of the physician in pre- 
forming and manipulating the stylet to position the electrode 
accurately. When a physician encounters obstructions or 
irregularities in the body vessels or heart of the patient, the 
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physician must often repeatedly withdraw, reform, and 
advance the lead assembly until the distal end of the lead 
assembly is able to pass the obstruction. Because the elec- 
trode is located at the distal end of the relatively flexible lead 
5 assembly, there is often some trial and error associated with 
positioning the electrode next to the desired region of the 
myocardium. 

A more automated procedure for locating a lead's elec- 
trode involves application of an external magnetic field to 

io the patient's body to interact with a permanent magnet fixed 
to the lead. A hand held permanent magnet is passed over the 
patient's body in the vicinity of the electrode during implan- 
tation. The magnetic field associated with the hand held 
magnetic either propels or attracts the permanent magnetic 

15 in the lead. In either case, the lead can only be moved along 
a single line directly toward or directly away from the 
control magnet. As a consequence, such permanent magqet 
systems provide only crude directional control and require a 
rather high level of skill to locate the electrode accurately. 

20 The present invention is directed to overcoming, or at 
least reducing the effects of, one or more of the aforemen- 
tioned disadvantages. 

SUMMARY OF THE INVENTION 

25 in accordance with one aspect of the present invention, 
there is provided a stylet. The stylet includes a first member 
and a second member that is coupled to the first member. 
The second member is a magnetostrictive material. 

In accordance with another aspect of the present 

30 invention, there is provided an stylet that includes a first 
elongated member and a second elongated member. The 
second elongated member is coupled longitudinally to the 
first elongated member. The second elongated member is a 
magnetostrictive material. 

35 In accordance with another aspect of the present 
invention, there is provided a lead assembly for implantation 
in a patient. The lead assembly includes a lead adapted to 
transmit electrical impulses. A first member is coupled to the 
lead. A second member is coupled to the first member. The 

40 second member is made of a magnetostrictive material 

BRIEF DESCRIPTION OF THE DRAWINGS 

Certain advantages of the invention may become apparent 
upon reading the following detailed description of exem- 
45 plary embodiments of the invention and upon reference to 
the drawings in which: 

FIG. 1 is a perspective view of an implantable endocardial 
lead assembly in accordance with the present invention; 
FIG. 2 illustrates a steerable stylet and handle in accor- 
50 dance with the present invention; 

FIG. 3 is a perspective view of a portion of the steerable 
stylet of FIG. 2; 

FIG. 4 is a cross-sectional view the stylet taken at line 
5S 4-^* in FIG. 3; 

FIG. 5 is a graph representing magnetostrictive strength 
versus strength of an applied magnetic field for various 
loads; 

El G. 6 is a side view of the stylet of FIG. 3 under the 
60 influence of one of two opposing magnetic fields; 

FIG. 7 is a cross-sectional view of an alternate embodi- 
ment of the stylet of FIG. 3; 

FIG. 8 is a cross-section view of another alternate 
embodiment of the stylet of FIG. 3; 
65 FIG. 9 is a perspective view of a portion of another 
embodiment of a steerable stylet in accordance with the 
present invention; 



06/07/2003, EAST Version: 1.03.0002 



5,843,153 

3 4 

FIG. 10 is a cross-sectional view of the stylet of FIG. 9 conformal curve. By having the ability to curve the stylet 20 

taken at line 10 — 10 of FIG. 9; in a desired direction during the implantation process, a 

FIG. 11 is a cross-sectional view of the stylet of FIG. 9 physician may be better able to guide the stylet 20 through 

taken at line 11— 11 of FIG. 9; a curved or obstructed body vessel. 

FIG. 12 is a top view of the stylet of FIG. 9 under the 5 To give the stylet 20 the ability to be non^conformally 

influence of one of two opposing magnetic fields; curved, the stylet 20 uses at least two elements coupled 

FIG. 13 is a side view of FIG. 12 showing the influence to S elher - M leas l ODe °J ?"f eIemenls \<**M* 

of one of two opposing magnetic fields; ™™™ al a desired m * he ^ 2 ?' 

4 t . , . . r , , , FIGS. 3 and 4 illustrate one exemplary embodiment of the 

FIG 14 is a side view of an endocardial imputation of 10 st let 20 m mis embodimcnlj lhe ^ 20 includes two 

the lead assembly using a stecrablc stylet in accordance with matcfial mcmbcrs ^ and 3Q togcthcr abng ^ ^ 

the present invention; a portion of the stylet 20. The member 28 is advantageously 

FIG. 15 is a cross-sectional view of a special lead assem- composed of a magnetostrictive material. The other member 

bly for producing a magnetic field; 30 is advantageously composed of a substrate material that 

FIG. 16 is a pictorial view of an alternate embodiment of 15 ^ relatively non-magnetostrictive as compared with the 

the lead assembly using a steerable stylet in accordance with member 28. Because magnetostrictive materials change 

the present invention; length in response to the application of a magnetic field, the 

FIG. 17 is a cross-sectional view of the lead assembly of magnetostrictive member 28 will elongate in the presence of 

FIG. 16 taken at line 17 — 17 of FIG. 16; and a suitable magnetic field. The magnetic field does not cause 

FIG. 18 is a cross-sectional view of the lead assembly of 20 me substrate member 30 to change shape substantially, so it 

FIG. 16 taken at fine 18—18 of FIG. 16. essentially retains its original length. Therefore, in the 

presence of a suitable magnetic field, the change in length of 

DETAILED DESCRIPTION OF SPECIFIC the magnetostrictive member 28 relative to the substrate 

EMBODIMENTS member 30 produces a curvature in the stylet 20. It should 

Turning now to the drawings, and referring initially to 25 abo be ^ f^™ te ™ m * r 30 ^ be ™ de * 
FIG. 1, an endocardial lead ^embly is illustrated and a ™gnetostnctive material that has a response opposite the 
generally designated by a reference numeral 10. The lead magnetostnctive member 28 to achieve a relative change in 
assembly 10 is designed to be inserted through a body l f D & h between the two members 28 and 30 in response to 
vessel, such as the jugular vein, directly into the body for 3, me P resenai of a sumble ma g° etic field ; 
diagnostic or therapeutic purposes. The lead assembly 10 Th e type of deformation, e.g., elongation or contraction, 
includes a lead body 11 that has a proximal end 12 that may depends upon the type of magnetostrictive material that is 
be coupled to a cardiac stimulation device 13, such as, for Tb e magnitude of the change in length of the magne- 
example, a pacemaker or cardioverter/defibrillator. The dis- tostrictive member 28 depends upon the magnitude of the 
tal end 14 of the lead body 11 is attached to an electrode 5 magnetic field applied axially to the magnetostrictive mem- 
assembly 16. A suture sleeve 18 is slidably disposed on the ber 28 and upon the particular magnetostrictive material 
lead body U. The suture sleeve 18 may be attached to the y«d- In ^ embodiment, the magnetostrictive member 28 
insertion vessel of a patient in a conventional manner. ^ advantageously composed of TERFENOL-D available 

To implant the lead assembly 10, a stylet, which is from Etrema ProoVcts, Ina, almough other suitable types of 
relatively stiff in comparison with the flexible lead assembly 40 magnetostrictive mater^ may also be used. The magneto- 
10, is disposed within the rumen of the lead body 11. stnctive material TERPENOID also exhibits inverse mag- 
Referring to FIG. 2, one embodiment of a stylet is illustrated netostriction (known as the Villari effect), a phenomenon in 
and generally designated by a reference numeral 20. The whlch a chan g e m magnetic induction occurs when a 
stylet 20 includes a distal end 22 that is normally disposed mechanical stress is applied along a specified [direction to a 
within the lead body 11 at or near the distal end 14 of the 45 D ? alenal havm S magnetostrictive properties. These measur- 
lead body 11. Tne proximal end 24 of the stylet 20 projects able chan g es m mducuon enable TERFENOL-D to be used 
from the proximal end 12 of the lead body 11. A physician * ***** applications (such as magnetotaggmg) where 
controls the longitudinal and rotational movement of the changes m stress occur. Consequently, the flexure of the 
stylet 20 by using a handle 26 that is coupled to the proximal devio f ^ * c bod y te **** and used as a motion 
end 24 of the stylet 20. 50 * aDS < hlccr for diagnostic purposes. 

With the stylet 20 disposed within the lead assembly 10, Examples of suitable materials for the substrate member 
a physician may insert the lead assembly 10 into a body 30 ma y include Itanium, aluminum, magnesium, and stain- 
vessel of a patient and guide the lead assembly 10 into its less steel - M tbe materials used to form virtually all 
proper position. As can be appreciated, body vessels tend to s| y fcls > me matcrial ^ to fashioa substrate member 30 
curve and flex. Accordingly, the stylet 20 is flexible enough 55 advantageously has a relatively high flexibility to facilitate 
to conform to the shape of a body vessel, yet it is stiff enough !" c hl BP and frequent bending movements associated with 
to guide the lead assembly 10 through the body vessel. Thus, m ^ insertions. 

when the stylet 20 is inside a body vessel, the stylet 20 FIGS. 3 and 4 show one possible combination of the 

typically takes on the curved shape of tbe body vessel, and, members 28 and 30. Since the lead assembly 10 is typically 

in the context of this discussion, these curves of the stylet 20 60 cylindrical in shape, stylets are normally cylindrical in shape 

are referred to as "conformal curves/* also. Accordingly, the members 28 and 30 are advanta- 

To facilitate the ability of the stylet 20 to guide the lead geously formed into a cylindrical shape. However, it should 

assembly 10 through a body vessel, the stylet 20 may be *>e recognized that other shapes may be suitable, so long as 

non-conformally curved in situ. In other words, while the me stylet 20 is capable of being inserted into the lead 

stylet 20 resides within a body vessel, the stylet 20 may be 65 assembly 10. 

non-confbrmally curved by a stimulus other than the force As illustrated in FIGS. 3 and 4, the members 28 and 30 are 

imparted to the stylet 20 by the body vessel to produce a shaped as semi-cylindrical segments having a longitudinal 
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interface 32 and a radial interface 34. The members 28 and The point or points along the interface 32 where the mem- 
30 may be bonded together at the radial interface 34 and at bers 28 and 30 are bonded impact the radius of curvature of 
least one point along the longitudinal interface 32. The the stylet 20. For example, if the members 28 and 30 are 
members 28 and 30 may be adhesively bonded together joined at the interface proximate the vertical interface 34, the 
using a suitable adhesive, such as Loctite 496 or Armco 631 , 5 resulting radius of curvature is relatively small. Conversely, 
although other suitable techniques, such as spot welding, hot tf the members 28 and 30 are joined at the interface 32, the 
coextrusion, or soldering, may also possibly be used. resulting radius of curvature inay be significantly larger. The 
_ .j_.Lt . „ radius of curvature may also be affected by other variables, 
The manner in which the members 28 and 30 are con- such as the magnetostricUve strength of the magnetostrictive 
structed may vary. One factor to be considered relates to the member M tbe relative ^.sectiond areas of the mem- 
strength of me magnetc^nctive member 28 during expan- 10 ^28^30, and the stifmess of the substrate member 30. 
sion or extraction As ^ated FIG. 5, the amount of whea me m ic field B ^ ^ magnetostric- 
magnetostnction of TERFENOL-D, measured m parts per tive member M 00ntimcis ta its origillal size> the stylet 
million, vanes depending upon the strength of the apphed 2Q returas , 0 ^ m 2 . 
magnetic field, measured m Oerstads (Oe). The amount of since ^ , et M fa direction dictated b ^ 
magnetostriction also depends upon the tubal load placed « ^ ^ ^ 3Q ^ ^ J 
on the magnetostrictive material. As can be seen, the curves *♦ • j 4 r u • *u ♦ i * m + u 
25 mustrate relatively weak magnetostriction when no initial * f ^nUgeous for a physician using the stylet 20 to be 
.... « . 7 °7 . .-itj able to determine these relative positions. Accordingly, a 
load is placed on the magnetostrictive material. However, as , „ . , . r , 4 r;-v. 
lU r .-«.« « . *u * *u f * handle 26 is provided at the proximal end 24 of the stylet 20, 
the curves 27 and 29 illustrate, the strength of magnetostnc- ... t t /. m ^ - * . - ' , ' 
. . . . . * * . r ^ ■ j o/v^n ™ ^ illustrated m FIG. 2. The handle 26 is fixedly attached to 
ban increases when an initial preload of 1000 p« and 2000 20 ^ ^ ^ ^ rf ^ ^ ^ ^ J a 

psi, respecuve ly, is placed on the magnetostrictive material. the ^ ^ ^ lon ^ mdillal ^ of me k , 

Accordingly it may be doable to place a preload on the ^ 2Q rotates ^ ^ haadle 2fi ^ 

magnetostnctive member 28 at the time ,t is coupled to the u adva mclud ^ a register that ^cates the 

substrate memoer orientation of the stylet 20 to the physician during the 

By way of example, a method for manufacturing a stylet implantation procedure. As illustrated in FIG. 2, the register 

20 will be described with an initial preload in mind. First, it may ^ a fl atterJ ed portion 31 of the handle 26, although 

may be desirable to machine the magnetostrictive member other s h apcs> such as an L-shape, or marks may be suitable 

28 and tbe substrate member 30 to the proper sizes and as well. In this embodiment, it may be advantageous to align 

configurations. For instance, if one or more magnetostrictive ^ me flat poTt i on 31 G f me handle 26 with the stylet 20 such 

members 28 are to be placed at certain locations on the stylet mat me style( downward when the fiat portion 31 

20, the magnetostrictive members 28 are cut and ground to f aces U p W ard 

the appropriate sizes Similarly, slots for receiving the Theremay be a number of different possible combinations 
magnetostrictive members are formed m the substrate mem- of gh ^ sizes of me members ^ aod 30 . piGS. 7 and 
ber 30 However under certain circumstances^t may be g ^ views of me members 28 and 30 that 
desirable to couple the members 28 and 30 together first and show jugt ^ different ible combiDatioris of sizes and 
machine the members 28 and 30 to a suitable size and ^^3^ fa me embodiment shown in FIG. 7, the 
configuration afterward. magnetostrictive member 28 is disposed in a four-sided 
To place a preload on the magnetostrictive member 28, groove in the substrate member 30. The four-sided groove 
the substrate member 30 is placed in a stretching device. The ^ ma y produce a stronger interface than the one-sided inter- 
stretching device places a desired amount of tension on the f acc illustrated in FIG. 4. Another structure that may provide 
substrate member 30. A suitable adhesive is applied to the certain advantages, such as increased strength and better 
substrate member 30, and the magnetostrictive member or biocompatibility, is shown in FIG. 8. In this embodiment, 
members 28 are clamped to the substrate member 30. The the magnetostrictive member 28 may be enclosed within the 
clamped structure is cured, possibly in an oven, to complete 45 substrate member 30. 

the bonding process. Once cured, the tension is slowly FIGS. 9, 10, and U depict an alternate embodiment of the 

released to prevent sudden stresses that may tend to delami- sXylGU now designated by the reference numeral 29. To 

nate the members 28 and 30. If the structure curls after the simplify the description of this alternate embodiment, like 

tension has been released, it may be desirable to bond it to reference numerals are used to identify structural elements 

another substrate (not shown) to provide additional strength 5Q similar to those m prev iously discussed embodiments. In 

to keep the stylet 20 relatively straight. mis a i ternate embodiment, the stylet 20' incorporates two 

It is important to dispose tbe magnetostrictive members magnetostrictive members 28 and 40 positioned to introduce 

28 in the correct direction to achieve the desired bending curves in the stylet 20* in two different directions. The 

effect. Magnetostrictive material is polycrystalline. Thus, magnetostrictive member 28 is disposed along one longitu- 

the molecular structure of magnetostrictive material is fairly 55 dinal plane of the stylet 2Qt, and the other magnetostrictive 

well-ordered as compared to an amorphous material, but not member 40 is disposed along another longitudinal plane of 

as well-ordered as a truly crystalline material. For the the stylet 20\ As illustrated in this embodiment, the plane of 

magnetostrictive member 28 to elongate or contract in the the magnetostrictive member 28 is rotated at an angle of 

longitudinal direction of the stylet 20, the polycrystalline about 90 degrees relative to the plane of the magnetostrictive 

molecules in the material should be generally perpendicular 59 member 40, as clearly shown in FIGS. 10 and 11. Thus, as 

to the longitudinal surface of the substrate member 30. discussed below, the stylet 20' is capable of curving in two 

FIG. 6 is a cross-sectional view taken along line 6 — 6 of directions perpendicular to one another. 

FIG. 3 of the stylet 20 in the presence of a suitable magnetic FIGS. 12 and 13 show, respectively, a top view and side 

field B. As can be seen, the magnetic field B causes the view of the stylet 20* under the influence of the magnetic 

magnetostrictive member 28 to increase in length. The 65 field B. In this embodiment, both of the magnetostrictive 

increase in the length of the magnetostrictive member 28 is members 28 and 40 are composed of a magnetostrictive 

exaggerated as shown in FIG. 6 for illustration purposes. material that expands upon application of a magnetic field. 
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Activation of the magnetic field B causes the stylet 20' to 
bend simultaneously in two directions. The portion of the 
stylet 20' proximate the magnetostrictivc member 40 bends 
sideways in response to the expansion of the magnetos trie - 
live member 40. Similarly, the portion of the stylet 20' 5 
proximate the magnetostrictive member 28 bends downward 
in response to the expansion of the magnetostrictive 28. Of 
course, the number and relative longitudinal and rotational 
positions of the magnetostrictive members, such as the 
members 28 and 40, may be varied greatly to tailor the shape 1Q 
of the stylet 20* to the particular body passage used for in 
vivo insertion. 

FIG. 14 shows a side view of a human patient 41 during 
implantation of the lead assembly 10 into the coronary sinus 
42 (shown dashed) within the heart 44 (shown dashed). As 
shown in FIG. 14, the lead assembly 10 is inserted through 1S 
a small incision in the body and into a body vessel, such as 
the jugular vein 46. The distal end 22 of the stylet 20 is 
shown disposed in the right atrium 48. The magnetic field B 
may be produced by a toroidally shaped coil 49 coupled to 
a fhioroscope 50. When coupled to the fluoroscopc 50, the 20 
toroidally shaped coil 49 takes advantage of the convenient 
positioning capabilities of the fluoroscope 50. Alternatively, 
the toroidally shaped coil 49 may be placed directly on the 
body of the patient 41 and moved independently of the 
fluoroscope 50. Using either construction, it may be desir- 25 
able to shield the magnetic field B to avoid distortion of the 
fluoroscopy imaging. The shielding may be accomplished 
using mu-metal or nickel plating, for instance. 

During the insertion procedure, the stylet 20 is positioned 
rotationally by manipulating the handle 26 to place the distal 30 
end 22 of the stylet 20 in the proper orientation for insertion 
into the body or body vessel just prior to application of the 
magnetic field B. Upon activation of the magnetic field B, 
the distal end 22 of the stylet 20 assumes the proper 
curvature, and the physician may then advance the stylet 20 35 
readily into the particular portion of the body or body vessel. 

Rather than using a source for the magnetic field B that is 
located external to the patient 41, a special lead assembly 51, 
shown in cross-section in FIG. 15, may be used to produce 
a suitable magnetic field B. The lead assembly 51 includes 40 
an inner sleeve 53 and an outer sleeve 55, both of which are 
advantageously made of biocompatible material, such as 
silicone rubber. Sandwiched between the inner sleeve 53 and 
the outer sleeve 55 is a highly inductive coil 57 that is wound 
around the inner sleeve 53. The inner sleeve 53 defines a 45 
central aperture 59 in the lead assembly 51 so that the stylet 
20 may be inserted within the lead assembly 51. To cause the 
stylet 20 to curve, an electrical current is fed into the coil 57 
to produce a magnetic field B in the axial direction of the 
stylet 20. Once the stylet 20 has been properly located within 50 
the patient 41, the special lead assembly 51 may be removed, 
and the lead assembly 10 may be positioned by disposing it 
on the properly positioned stylet 20. Of course, the regular 
lead assembly 10 may be used to produce the magnetic field 
B instead of the special lead assembly 51. However, most 55 
known lead assemblies, such as the lead assembly 10, have 
high resistance and low inductance making them generally 
unsuitable for producing the requisite magnetic field. 

The utilization of a magnetostrictive stylet 20 may be 
used in a variety of in vivo implantation contexts where the 60 
peculiarities of the particular body passage or the delicacy of 
surrounding tissues requires careful steerage. Examples of 
other possible applications for the magnetically steerable 
stylet 20 may include intracranial placement of drug infu- 
sion catheters or shunts, insertion of subcutaneously placed 65 
supply lines for implantable infusion pumps, or in vivo 
placement of cryotherapeutic catheters. 



In another alternate embodiment of the present invention 
shown in FIGS. 16, 17, and 18, the magnetically steerable 
functionality of the stylet 20 in the aforementioned embodi- 
ments is incorporated directly into the lead body 11 of the 
lead assembly 10. Referring first to FIGS. 16 and 17, a 
cylindrical sleeve 52 is disposed around the lead body 11. 
The sleeve 52 includes a magnetostrictive member 54 that is 
coupled to a substrate member 56. The members 54 and 56 
are surrounded by a biocompatible jacket 58 that may be 
formed from the same biocompatible material used to form 
the exterior 60 of the lead body 11. The jacket 58 of the 
sleeve 52 may also be formed integral with the coating 60 of 
the lead body U. Alternatively, the sleeve 52 may be bonded 
to the coating 60 of the sleeve 11 using a biocompatible 
adhesive. In addition, the magnetostrictive member 54 and 
the substrate member 56 may be incorporated into the jacket 
60 of the sleeve 11 as shown in FIG. 18. 

In operation, the sleeve 52 functions in a manner similar 
to the stylets 20 and 20' disclosed above, in that the 
magnetostrictive member 54 expands or contracts relative to 
the substrate member 56 in the presence of a suitable 
magnetic field. Also, as with any of the aforementioned 
embodiments, the number size and arrangement of the 
magnetostrictive members 54 and the substrate members 56 
may be varied depending upon the particular application. 
Similarly, the number and spacing of individual sleeves 52 
may be varied according to the requirements of the implan- 
tation. 

While the invention is susceptible to various modifica- 
tions and alternative forms, specific embodiments have been 
shown by way of example in the drawings and have been 
described in detail herein. However, it should be understood 
that the invention is not intended to be limited to the 
particular forms disclosed. Rather, the invention is to cover 
all modifications, equivalents, and alternatives falling within 
the spirit and scope of the invention as defined by the 
following appended claims. 

What is claimed is: 

1. In an implantable stylet, the improvement comprising: 
a first member; and 

a second member comprising a magnetostrictive material, 
wherein in the presence of a given magnetic field, the 
percent change in length of said second member is 
different than the percent change in length of said first 
member, further wherein said second member is fixedly 
coupled to said first member to cause said implantable 
stylet to curve under the influence of a given magnetic 
field. 

2. The stylet of claim 1, wherein said first member is 
configured to receive said second member such that said 
second member is enclosed inside said first member. 

3. Hie stylet of claim 1, wherein said first member is an 
elongated member and said second member is affixed to said 
first member along a longitudinal interface. 

4. The stylet of claim 1, wherein said first member 
comprises a non-magnetic metal. 

5. In an implantable stylet, the improvement comprising: 
a first member; 

a second member coupled to said first member, said 
second member comprising a magnetostrictive 
material, and a handle being fixedly coupled to one end 
of said stylet. 

6. In an implantable stylet, the improvement comprising: 
a first elongated member; 

a second elongated member being coupled longitudinally 
to said first elongated member, said second elongated 
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member comprising a magoetostrictive material, 
wherein said first elongated member is secured to said 
second elongated member such that said implantable 
stylet bends when disposed in a suitable magnetic field. 

7. The stylet of claim 6, wherein said second elongated 5 
member undergoes a different percent change in length than 
said first elongated member in response to a suitable mag- 
netic field. 

8. In an implantable stylet, the improvement comprising: 

a first elongated member; 10 
a second elongated member being coupled longitudinally 
to said first elongated member, said second elongated 
member comprising a magnetostrictive material; and 
a third elongated member, said third elongated member 15 
being coupled longitudinally to said first elongated 
member, said third elongated member comprising a 
magnetostrictive material. 

9. The stylet of claim 8, wherein said second elongated 
member and said third elongated member are disposed in a 2Q 
predetermined angular relationship relative to one another. 

10. In an implantable stylet the improvement comprising: 
a first elongated member; 

a second elongated member being coupled longitudinally 
to said first elongated member, said second elongated 25 
member comprising a magnetostrictive material; and 



a handle being fixedly coupled to one end of said stylet. 

11. A lead assembly for implantation in a patient, com- 
prising: 

a lead adapted to transmit electrical impulses; 

a first member coupled to said lead; and 

a second member coupled to said first member, said 
second member comprising a magnetostrictive mate- 
rial. 

12. The lead assembly of claim 1L, wherein said first 
member is an elongated member and said second member is 
affixed to said first member along a longitudinal interface. 

13. The lead assembly of claim 11, wherein said first 
member comprises a non-magnetic metal. 

14. The lead assembly of claim 11, wherein said second 
member undergoes a different percent change in length than 
said first member in response to a suitable magnetic field. 

15. The lead assembly of claim 14, wherein said lead 
assembly is configured to curve in response to said suitable 
magnetic field, the degree of curvature depending on the 
strength of said suitable magnetic field. 
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ABSTRACT 



A magnetically navigable catheter includes a sheatb having 
a proximal end and a distal end, and an extension member 
having a proximal end and a distal end, slidably mounted in 
the sheath so that the distal end portion of the extension 
member telescopes from the distal end of the sheath. The 
distal end portion of the extension member being relatively 
more flexible than the distal end of the sheath. There may be 
one or more electrodes on the distal end of the extension 
member. There is also at least one magnet, and preferably 
more than one magnet, on the distal end portion of the 
extension member to allow the distal end of extension 
member to be oriented by the application of an externally 
applied magnetic field. The catheter preferably also includes 
a sleeve, having a proximal end and a distal end, the sleeve 
being slidably mounted in the sheath so that the distal end 
portion of the sleeve telescopes from the distal end of the 
sheath, so that the sleeve can be selectively extended and 
retracted relative to the sheath, and the extension member 
can be selectively extended and retracted relative to the 
sleeve. According to the method of this invention, the distal 
end of the electrode catheter is introduced into the part of the 
body where the electrode will be used to contact the specific 
body structures, and the electrode is moved into contact with 
the body structure by applying an external magnetic field 
and selectively telescoping the extension member relative to 
the sheath to bring the electrode on the distal end of the 
extension member into contact with the specific body struc- 
ture. 

18 Claims, 3 Drawing Sheets 
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MAGNETICALLY NAVIGABLE relatively more flexible than the distal end of the sleeve. At 

TELESCOPING CATHETER AND METHOD least one magnet is positioned on the distal end portion of 

OF NAVIGATING TELESCOPING extension member to allow the distal end of the exteo- 

CATHETER s * on member to be oriented by the application of an exter- 

5 nally applied magnetic field. The position of the distal tip of 

CROSS-REFERENCE TO RELATED me catheter can be controlled by the controlled application 

APPLICATIONS °f a magnetic field to orient the distal end of the extension 

member, and telescoping the extension member into and out 

This application is a divisional patent application of VS. of the sleeve. At least one electrode is positioned on the 

patent application Ser. No. 09/393,521, filed Sep. 10, 1999, distal end of the extension member, 

which is a continuation-in-part of U.S. patent application In accordance with a preferred embodiment of this 

Ser. No. 09/151,615, filed Sep. 11, 1998 now abandoned. invention, a sheath is also provided, and the sleeve is 

slidably mounted in the sheath so that the distal end of the 

FIELD OF THE INVENTION sleeve can telescope relative to the distal end of the sheath. 

This invention relates to a magnetically navigable tele- 15 In J me catheter of the preferred embodiment, in 

scoping catheter and a method of magnetically navigating a add * Ioa t0 lhe Action control provided by the controlled 

telescoping catheter within open body spaces. application of a magnetic field and the telescoping of the 

extension member relative to the sleeve, the user can also 

BACKGROUND OF THE INVENTION telescope the sleeve relative to the sheath to control the 

position of the distal end of the extension member. This 

Many medical procedures require the ability to accurately 20 ^ yes thc wr a adjustable length whose direction is 

navigate medical devices inside the body. In the past, this controlled by the direction of the magnetic field, and a 

has been accomplished with mechanically steerable devices. ^nd adjustable length substantially unaffected by the 

More recently, magnetically navigable medical devices have direction of the magnetic field 

been developed that can be navigated with an externally ^ cafl ^ provided ^ Qne 0f more electrodes 

applied magnetic field. ™ for canUac mapping, pacing, or ablation. Alternatively, the 

However, previously available navigable devices and catheter can be used in some other procedure such as the 

navigation methods are only marginally acceptable for some delivery of therapeutic agents. 

procedures where high precision is required. For example, in According to the method of this invention, the distal end 

certain cardiac procedures such as mapping (recording elec- of tne extension member is navigated to the site in the body, 

trical impulses on the surface of the heart); pacing (inducing 0 nce in the desired location, a magnetic field is applied to 

electrical impulses of the surface of the heart); and ablation orient me dislal end portion Q f the extension member, and 

(applying RF energy to the heart tissue to ablate the tissue me distal end ^ navigat ed to a precise location by the 

to block stray electrical signals that cause arrhythmias) an ntetive telescoping of the extension member relative to the 

electrode must be precisely controlled to contact specific sleeve, and m me preferred embodiment also by the relative 

points on the heart. One treatment of cardiac arrhythmias telescoping of the sleeve relative to the sheath, 

relies upon the formation of a continuous linear lesion from with mis methodf an electn)de on lhe end of the distal end 

a series of contiguous spot lesions. Such a procedure can be of ^ extension member can ^ navigated to contact specific 

CXtl ^^ Iy J C ^ 0US ? d lUDC • cons T Q | ^ P revi0usl y parts of the body, for example the chambers of the heart, to 

available devices and navigation methods. ^ bring aQ clcctrodc mt£) ^ ^ ^ fof mapping> 

Examples of mechanically controlled catheters for such pacing, or ablation, 

procedures include Avitall, U.S. Pat. Nos. 5,354,297, 5,327, -y^ 'telescoping mot i on an d magnetic guidability of the 

905, and 5,642,736; Webster, U.S. Pat. No. Re 34,502; West clcclrodc ^ter of ^ prcscot mV ention allows superior 

et al., U.S. Pat. No. 5,318,525; and Webster, Jr., VS. Pat. ^1 of the distal end of the catheter, without regard to the 

No. 5,626,136. These mechanically actuable catheters typi- 45 path of me cat heter. The improved navigation is both faster, 

cally have a limited number of directions of movement. reducing procedure times, and more accurate, allowing the 

Moreover to navigate the distal end of the catheter to a procedures to be successfully completed. However the catb- 

particular point, the catheter had to be rotated, but rotation eter ^ of relatively simple and reliable construction. These 

of the proximal end of the catheter did not always directly an d other features and advantages will be in part apparent 

translate to rotation at the distal end, particularly where the 5Q an d in part pointed out hereinafter, 
path of the catheter was convoluted. Moreover, twists and 

turns in the catheter would impair or eliminate the ability to BRIEF DESCRIPTION OF THE DRAWINGS 

control the distal end of the catheter. FIG. 1 is a top plan view of a catheter constructed 

Magnets have also been used in such devices. Scheinman, according to the principles of this invention; 

U.S. Pat. No. 5,429,131 and Grayzel, U.S. Pat. No. 4,809, 55 FIG. 2 is an enlarged longitudinal cross-sectional view of 

731. However, not for navigation. the extension member; taken along the plane of line 2 — 2 in 

FIG. 1; 

SUMMARY OF THE INVENTION FIG. 3 is an enlarged longitudinal cross-sectional view of 

The present invention relates to a magnetically navigable the extension member, showing.the flex point on the exten- 

telescoping catheter, and to a method of navigating such 60 s * on member between the magnets and the electrodes; 

catheter in the body. Generally, the magnetically navigable FIG. 4 is an enlarged longitudinal cross-sectional view of 

telescoping catheter of the present invention comprises a the extension member, showing the flex point on the exten- 

sleeve having a proximal end and a distal end. An extension sion member between magnets and the distal end of the 

member having a proximal end and a distal end is slidably sleeve; 

mounted in the sleeve so that the distal end portion of the 65 FIG. 5 is a distal end elevation view of an alternate 

extension member telescopes from the distal end of the construction of the catheter, showing an alternate arrange - 

sleeve. The distal end portion of the extension member is ment of the electrodes; 
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FIG. 6 is a top plan view of an alternate const ruction of construction, the portion of the extension member contain- 

the electrode catheter in which the sheath is curved; ing the magnets (as discussed below) is relatively rigid, 

FIG. 7 is a top plan view of an alternate construction of whilc tDC P ortion of mc extension member just proximal to 

the electrode catheter without a sleeve; me ma g nets * flexible to allow the extension member to 

i-i^ o m t **• a ' i i • * 5 flex. At least one electrode is positioned on the distal end of 

HG. 8 is longing ^ extensiofl member 3g ^shown in FIG. 2, in the 

construcUon of the extension member; preferred embodimem ^ fc a ^ eIectrode 46 Qn ^ 

FIG. 9 is a longitudinal cross-sectional view of an alter- distal ^ of me extension member 38, having a generally 

native construction of a telescoping catheter; hemispherical shape. This rounded shape facilitates 

FIG. 10 is a longitudinal cross-sectional view of an iq navigation, and prevents damage to the surfaces that the 

alternate construction of the extension member adapted for distal end of the extension member contacts. A lead wire 48 

use with a stylette; extends from the electrode 46, through the extension mem- 

FIG. 11 is a tongitudinal cross-sectional view of an Der 38, to m e proximal end 40 of the extension member. A 

alternate construction of the extension member adapted for second electrode 50, in the form of an annular band, extends 

use with a stylette; 15 circumferentially around the distal end portion of the exten- 

FIG. 12 is a longitudinal cross-sectional view of a stylette sion member 38. A lead wire 52 extends from the electrode 

adapted for use with the extension members shown in FIGS. 5 °> ll ? e extension member 38, to the proximal end 40 

10 or 11- and extension member The lead wires 48 and 52 can be 

• i • * i connected to a measuring device to measure electrical 

nG^13isalon^tudmd^-secUonalv,ewof aS tykm : ^ betwecn ^ dcctrodes Ai ternative i y> the lcad 

adapted for use with the extension members shown in FIG. ^ ^ and 52clmbcxJsed t0 force a the 

tissue for electrical pacing of the heart. Lead wire 48 can 

Corresponding reference numerals indicate correspond- also be connected to a source of RF energy to provide such 

ing parts throughout the several views of the drawings. energy to electrode 46 to ablate tissue in contact with the 

DETAILED DESCRIPTION OF THE 25 e * ectroc *e. Additional electrodes, or electrodes in other con- 

PREFERRED EMBODIMENT figurations and arrangements can be provided. For example, 

in the alternate construction shown in FIG. 5, the distal end 

A catheter constructed according to the principles of the 42 of the extension member 38 can be provided with two 

present invention is indicated generally as 20 in FIG. 1. As electrodes 60 and 62, separated and electrically insulated 

shown in the figures and described herein, catheter 20 is an 30 from each other by a generally diametrically extending 

electrode catheter having one or more electrodes thereon, partition 64. 

but this invention is not so limited and the catheter can be At least one magnet is positioned on the distal end portion 

used for other purposes, for example the delivery of diag- Q f the extension member 38 to allow the distal end 42 of the 

nostic or therapeutic agents. FIG. 9 shows such a catheter 20' extension member to be oriented by the application of an 

with a central passage 21 for the delivery of diagnostic or 35 externally applied magnetic field. The externally applied 

therapeutic agents. magnetic field may be applied, for example with a magnetic 

The electrode catheter 20 of the preferred embodiment surgery system like that disclosed in co-pending U.S. patent 

comprises a sheath 22 having a proximal end 24 and a distal application Ser. No. 08-920,446, filed Aug. 29, 1997, 

end 26. The sheath 22 is preferably about 120 cm long. entitled Method and Apparatus for Magnetically Controlling 

There is a connector block 28 at the proximal end of the 40 Motion Direction of a Mechanically Pushed Catheter. In this 

sheath 22. The sheath 22 is preferably made from conven- preferred embodiment, there are a plurality of magnets 54 

tional sheath material, with an outside diameter of about 9 inside the tube forming the extension member 38. Each of 

French. As shown in FIG. 6, instead of the straight sheath 22, the magnets 54 preferably has an annular shape with a 

in an alternate construction of the electrode catheter 20", the central passage through which the lead wires 48 and 52 may 

sheath 22" may be prccurved, for example to facilitate a 45 pass. As shown in FIG. 8, in an alternate construction of the 

transseptal approach to the left atrium. A sleeve 30 having a extension member 38 1 , the magnets 54' are solid with a 

proximal end 32 and a distal end 34 is slidably mounted in smaller diameter, allowing wires 48 and 52 to pass between 

the sheath 22 so that the distal end portion of the sleeve the magnets and the wall of the extension member 38'. The 

telescopes from the distal end 26 of the sheath. The sleeve magnets 54 are preferably closely spaced to each other, and 

30 is preferably about 125 cm long. There is a connector 50 may even be touching so that they are held together by 

block 36 at the proximal end of the sleeve 30. The sleeve 30 mutual magnetic attraction. This configuration maximizes 

is preferably made from a conventional sheath material, with the volume of magnetic material while keeping the exten- 

an outside diameter of about 8 French. (In an alternate sion member 38 flexible. The magnets 54 are spaced proxi- 

construction of the electrode catheter 20 m as shown in FIG. mally from the electrodes 46 and 50 on the distal end of the 

7, there is no sleeve 30.) 55 extension member to form a flex point 56 in the extension 

An extension member 38, having a proximal end 40 and member between the magnets and the electrodes. Similarly, 

a distal end 42 is slidably mounted in the sleeve 30 so that the extension member 38 preferably can telescope out of the 

the distal end portion of the extension member telescopes sleeve 30 beyond the most proximal of the magnets 54 to 

from the distal end 34 of the sleeve. There is a connector form a flex point 58 in the extension^member between the 

block 44 at the proximal end of the extension member 38. 60 magnets and the distal end of the sleeve. 

The extension member 38 is preferably a tube, made from a The electrodes 46 and 50 and magnets 54 are typically 

conventional catheter material, with an external diameter of radio-opaque so that the distal end portion of the extension 

about 7 French. The extension member is preferably about member is visible in real time fluoroscope images. The distal 

130 cm long. The distal end portion of the extension member end 34 of the sleeve 30 is preferably provided with a 

38 is generally relatively more flexible than the distal end 65 radio-opaque band 66, and the distal end 26 of the sheath 22 

portion of the sleeve 30. In one alternate construction the is provided with a radio-opaque band 68, so that the distal 

entire extension member 38 is flexible. In a second alternate ends of the sleeve and the shaft are also visible under 
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fluoroscopy. This helps the user navigate the distal end 42 of 
the extension member into the desired position. The proce- 
dure can be viewed in one or more two-dimensional images, 
or conventional image processing can be used to render a 
three dimensional view of the device which could then be 
placed within a three-dimensional image set (e.g., from 
MRI) of the body portion. The radio-opaque electrodes 46 
and 50, magnets 54, and bands 66 and 68 also facilitate 
automating navigation of the distal end, by providing feed- 
back of the position of the distal ends of the sleeves. 

In operation the distal end of the device 20 is navigated to 
the site in the body where the procedures, such as an atrial 
mapping, pacing, and ablation, are to occur. The device 20 
extends into a heart chamber, for example into the right 
atrium from the inferior vena cava, into the left atrium from 
the right atrium via a transseptal puncture, or into the right 
ventricle via the tricuspid valve or into the left ventricle via 
the aortic valve. Once the distal end portion of the device is 
in the chamber, a magnetic field is applied to provide an 
orienting force to the extension member 38. The magnetic 
field causes the magnets 54 to align in the selected direction. 
The electrode on the distal end of the extension member 38 
is then manipulated to the desired location by selectively 
telescoping the sleeve 30 relative to the sheath 22, and the 
extension member relative to the sleeve. Depending on the 
navigation system being used, the manipulation could be an 
iterative process, whereby the navigation system constantly 
tweaks the direction of the magnetic field, based on the 
location of the tip of the extension member and the desired 
target location. It would also be possible to automate the 
process, allowing the surgeon to input either a desired 
direction or location, and using a computer to control the 
magnetic field and the telescoping of the sleeve and the 
extension member. 

In the case of electrophysiologic mapping or pacing, as 
shown in FIG. 3 the distal end portion of the extension 
member 38 is urged against the wall W of the chamber to 
cause the end to Sex at flex point 56 proximal of the 
electrodes 46 and 50 but distal of the magnets 54. This 
allows both electrodes 46 and 50 to lie against the wall W 
of the chamber, and allows the measurement of monopolar 
or bipolar electrical impulses in the wall of the atrium 
between the electrodes. By carefully navigating the distal 
end portion of the extension member 38 across the surface 
of the chamber, the entire cardiac chamber can be electri- 
cally mapped. 

In the case of therapeutic ablation, as shown in FIG. 4, the 
electrode 46 on the distal end of the extension member 38 
can be precisely navigated along the wall of the atrium, 
where RF energy can be applied to ablate the underlying 
tissue. The precise navigational control permitted by the 
electrode catheter allows both focal lesions and the creation 
of lines of continuous lesions to be formed in the chamber, 
blocking the path of stray electrical signals that cause the 
arrhythmia. Such continuous lines of lesions were extremely 
difficult, if not impossible to form, particularly in the left 
atrium, with prior mechanically steerable catheters. 

An alternate construction of the extension member 38 is 
indicated generally as 138 in FIG. 10. Extension member 
138, having a proximal end and a distal end 142 is slid ably 
mounted in a sleeve (not shown) so that the distal end 
portion of the extension member telescopes from the distal 
end of the sleeve. The extension member 138 is preferably 
a tube made from a conventional catheter material with an 
external diameter of about 7 French. The extension member 
is preferably about 130 cm long. The tube preferably com- 
prises sections of different stiffness to facilitate navigation of 



6 

the catheter. In the preferred embodiment, the distal section 
138a is made from a very flexible vinyl or polyethylene or 
polyurethane, and the proximal section 138£> is made from 
a relatively stiffer material such as nylon. There is a first 

5 electrode 146 on the distal end of the extension member 138, 
having a generally hemispherical. This rounded shape facili- 
tates navigation, and prevents damage to the surfaces that 
the distal end of the extension member contacts. A lead wire 
extends from the electrode 146, through the extension mem- 

1Q ber 138, to the proximal end of the extension member. A 
second electrode 150, in the form of an annular band, 
extends circumferentially around the distal end portion of 
the extension member 138. A lead wire extends from the 
electrode 150, through the extension member 138, to the 
proximal end of the extension member. The lead wires can 

15 be connected to a measuring device to measure electrical 
potential between the electrodes. Alternatively the lead 
wires can be used to force a current through the tissue for 
electrical pacing of the heart. The lead wires can also be 
connected to a source of RF energy to provide such energy 

20 to the electrodes to ablate tissue in contact with the elec- 
trodes. Additional electrodes, or electrodes in other configu- 
rations and arrangements can be provided. 

A localization device 153 is preferably incorporated into 
the extension member 138 so that the location of the 

25 extension member, and preferably both the location and 
orientation of the extension member, can be determined. In 
the preferred embodiment, the localization is a magnet 
device, such as a triaxial coil receiver for AC electromag- 
netic fields, but the localization could be done with some 

30 other device, such as ultrasound devices. 

A plurality of magnets 154 are positioned on the distal end 
portion of the extension member 138 to allow the distal end 
142 of the extension member to be oriented by the applica- 
tion of an externally applied magnetic field. The tube 
forming the extension member 138 is open proximal to the 

35 magnets to receive at the distal end of the stylette 156 to 
stiffen, shape, or guide the distal end of the extension 
member. The stylette 156 is inserted into the proximal end 
of extension member 138 and advanced to the distal end 
where the stylette in the lumen of the tube forming the 

40 extension member selectively stiffens the extension member 
and/or shapes the extension member to facilitate navigation. 
The distal end of the stylette can be preformed for a 
particular navigation and inserted into the extension member 
138 to shape the extension member for the navigation. The 

45 stylette can also be used to push the extension member. The 
stylette can be selectively inserted and removed to selec- 
tively temporarily stiffen and temporarily soften the distal 
end of the extension member to facilitate navigation. 
An alternate construction of the extension member 138 is 

50 indicated generally as 138* in FIG. 11. Extension member 
138* is similar in construction to extension member 138, and 
corresponding parts are identified with corresponding refer- 
ence numerals. However, rather than cylindrical magnets 
154, extension member 138' has annular magnets 154', 

55 whose central opening are aligned to form a passage 158 for 
the stylette 156. The stylette 156 can be inserted through the 
proximal end of extension member 138* and into the passage 
158 to selectively stiffen and/or shape the distal portion of 
the extension member 138. As shown in FIG. 12, the distal 

60 end portion of the stylette can be bent, and as shown in FIG. 
13 it can be inserted into the extension member 138* to shape 
the distal end of the extension member. The passage 158 also 
allow the stylette 156 to apply a pushing force closer to the 
distal end of the extension member. 

65 The movement of the sheath, the extension member, and 
even the stylette, can be automated and operated by motor 
instead of manually, if desired. 



06/07/2003, EAST Version: 1.03.0002 



US 6,385 

7 

What is claimed is: 

1. A method of navigating the distal end of a catheter 
within the body into contact with specific body structures, 
the method comprising: 

providing a magnetically navigable catheter comprising a 5 
sheath having a proximal end and a distal end, an 
extension member having a proximal end and a distal 
end, the extension member being slidably mounted in 
the sheath so that the distal end portion of the extension 
member telescopes from the distal end of the sheath, 10 
the distal end portion of the extension member being 
relatively more flexible than the distal end of the 
sheath; and at least one magnet on the distal end portion 
of the extension member, 

introducing the distal end of the magnetically navigable 15 
catheter into the part of the body where the distal end 
will be used to contact the specific body structures; 

moving the distal end into contact with a body structure 
by applying an external magnetic field and selectively 
telescoping extension member relative to the sheath to 20 
bring the electrode on the distal end of the extension 
member into contact with the specific body structure. 

2. The method according to claim 1 wherein the catheter 
comprises an electrode on the distal end of the extension 
member, and wherein the step of moving the distal end into 25 
contact with a body structure comprises moving the elec- 
trode into contact with the body structure. 

3. The method according to claim 1 wherein the magneti- 
cally navigable catheter further comprises a sleeve having a 
proximal end and a distal end, the sleeve being slidably 30 
mounted in the sheath so that the distal end portion of the 
sleeve telescopes from the distal end of the sheath, and the 
extension member being slidably mounted in the sleeve in 
the sheath, and wherein the step of moving the electrode into 
contact with the body includes selectively telescoping the 35 
extension member relative to the sleeve and the sleeve 
relative to the sheath. 

4. The method according to claim 1 wherein the extension 
member has a lumen extending at least partly therethrough, 
the method comprising inserting a stylette into the lumen in 40 
the extension member to stiffen the extension member. 

5. The method according to claim 1 wherein the extension 
member has a lumen extending at least partly therethrough, 
the method comprising inserting a pre-shaped stylette into 
the lumen in the extension member to shape the extension 45 
member to facilitate navigation of the extension member. 

6. The method according to claim 1 wherein the extension 
member has a lumen extending at least partly therethrough, 
the method comprising inserting a stylette into the lumen in 
the extension member and pushing the stylette to push the 50 
extension member. 

7. An magnetically navigable electrode catheter compris- 
ing: 

a sheath having a proximal end and a distal end; S5 
a sleeve having a proximal end and a distal end, the sleeve 
being slidably mounted in the sheath so that the distal 
end portion of the sleeve telescopes from the distal end 
of the sheath; 

an extension member having a proximal end and a distal 60 
end, the extension member being slidably mounted in 
the sleeve so that the distal end portion telescopes from 
the distal end of the sleeve, the distal end portion of the 
extension member being relatively more flexible than 
the distal end of the sleeve; 65 

at least one electrode on the distal end of the extension 
member; and 
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the distal end portion of the extension member comprises 
a hollow flexible tube with a plurality of magnets 
disposed therein to allow the distal end of extension 
member to be oriented by the application of an exter- 
nally applied magnetic field the plurality of magnets 
being relatively closely spaced within the hollow flex- 
ible tube, but spaced proximally from the at least one 
electrode on the distal end to form a flex point in the 
extension member between the magnets and the at least 
one electrode. 

8. An magnetically navigable electrode catheter compris- 
ing: 

a sheath having a proximal end and a distal end; 

a sleeve having a proximal end and a distal end, the sleeve 
being slidably mounted in the sheath so that the distal 
end portion of the sleeve telescopes from the distal end 
of the sheath; 

an extension member having a proximal end and a distal 
end, the extension member being slidably mounted in 
the sleeve so that the distal end portion telescopes from 
the distal end of the sleeve, the distal end portion of the 
extension member being relatively more flexible than 
the distal end of the sleeve; 

at least one electrode on the distal end of the extension 
member; and 

the distal end portion of the extension member comprises 
a hollow flexible tube with a plurality of magnets 
disposed therein to allow the distal end of extension 
member to be oriented by the application of an exter- 
nally applied magnetic field the plurality of magnets 
being relatively closely spaced within the hollow flex- 
ible tube, and wherein the tube can telescope out of the 
sleeve beyond the most proximal of the magnets, to 
form a flex point in the extension member between the 
magnets and the sleeve. 

9. A method of mapping the electrical characteristics of 
the left atrium of the heart comprising: 

providing a magnetically navigable electrode catheter 
comprising a sleeve having a proximal end and a distal 
end, an extension member having a proximal end and 
a distal end, the extension member being slidably 
mounted in the sleeve so that the distal end portion 
telescopes from the distal end of the sleeve, the distal 
end portion of the extension member being relatively 
more flexible than the distal end of the sleeve; 

at least one electrode on the distal end of the extension 
member; and at least one magnet on the distal end 
portion of the extension member; 

introducing the distal end of the magnetically navigable 
electrode catheter into left atrium; 

moving the electrode into contact with a selected point on 
the surface of the left atrium by applying an external 
magnetic field and selectively telescoping extension 
member relative to the sleeve to bring the electrode on 
the distal end of the extension member into contact 
with the specific point on the surface of the left atrium; 

measuring the electrical characteristics of the left atrium 
between the electrodes. 

10. The method according to claim 9 wherein the mag- 
netically navigable electrode catheter further comprises a 
sheath having a proximal end and a distal end, the sleeve 
being slidably mounted in the sheath so that the distal end 
portion of the sleeve telescopes from the distal end of the 
sheath, and wherein the step of moving the electrode into 
contact with a selected point on the surface of the left atrium 
includes selectively telescoping the sleeve relative to the 
sheath. 
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11. The method according to claim 9 wherein the exten- 
sion member has a lumen extending at least partly 
therethrough, the method comprising inserting a stylette into 
the lumen in the extension member to stiffen the extension 
member. 5 

12. The method according to claim 9 wherein the exten- 
sion member has a lumen extending at least partly 
therethrough, the method comprising inserting a pre-shaped 
stylette into the lumen in the extension member to shape the 
extension member to facilitate navigation of the extension 10 
member. 

13. The method according to claim 9 wherein the exten- 
sion member has a lumen extending at least partly 
therethrough, the method comprising inserting a stylette into 
the lumen in the extension member and pushing the stylette 15 
to push the extension member. 

14. A method of therapeutically ablating tissue in the left 
atrium of the heart comprising: 

providing a magnetically navigable electrode catheter 
comprising a sleeve having a proximal end and a distal 20 
end, an extension member having a proximal end and 
a distal end, the extension member being slidably 
mounted in the sleeve so that the distal end portion 
telescopes from the distal end of the sleeve, the distal 
end portion of the extension member being relatively 25 
more flexible than the distal end of the sleeve; 

at least one electrode on the distal end of the extension 
member; and at least one magnet on the distal end 
portion of the extension member; 

introducing the distal end of the magnetically navigable 
electrode catheter into left atrium; 

moving the electrode into contact with a selected point on 
the surface of the left atrium by applying an external 
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magnetic field and selectively telescoping extension 
member relative to the sleeve to bring the electrode on 
the distal end of the extension member into contact 
with the specific point on the surface of the left atrium; 
and 

applying an RF signal to the tissue in contact with the 
electrode to ablate the tissue. 

15. The method according to claim 14 wherein the mag- 
netically navigable electrode catheter further comprises a 
sheath having a proximal end and a distal end, the sleeve 
being slidably mounted in the sheath so that the distal end 
portion of the sleeve telescopes from the distal end of the 
sheath, and wherein the step of moving the electrode into 
contact with a selected point on the surface of the left atrium 
includes selectively telescoping the sleeve relative to the 
sheath. 

16. The method according to claim 14 wherein the exten- 
sion member has a lumen extending at least partly 
therethrough, the method comprising inserting a stylette into 
the rumen in the extension member to stiffen the extension 
member. 

17. The method according to claim 14 wherein the exten- 
sion member has a lumen extending at least partly 
therethrough, the method comprising inserting a pre-shaped 
stylette into the lumen in the extension member to shape the 
extension member to facilitate navigation of the extension 
member. 

18. The method according to claim 14 wherein the exten- 
sion member has a lumen extending at least partly 
therethrough, the method comprising inserting a stylette into 
the lumen in the extension member and pushing the stylette 
to push the extension member. 

* * * * * 
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ABSTRACT 



A method of navigating a magnet-tipped distal end of an 
elongate medical device through the body includes provid- 
ing an image display of the part of the body through which 
the medical device is being navigated and using the display 
to input the desired path of the medical device by identifying 
points on the desired path on the display. The magnetic field 
needed to orient the end of the medical device in the 
direction of the desired path as indicated on the display is 
then determined. In one embodiment where only points on 
the desired path are identified, the field direction is the 
direction indicated by the points on the desired path. In a 
second embodiment, where points on the current path and 
the desired path are identified, the desired angle of deflection 
is determined, and the direction of the magnetic field is set 
to lead this desired angle of deflection by 90° to over torque 
the end of the catheter, and the intensity of the field is 
determined from a table of experimentally determined field 
intensities for given angles of deflection. 

The apparatus for navigating a magnet-tipped medical 
device through the body in accordance with the invention 
includes a magnet system for applying a magnetic field to 
the magnet-tipped distal end of the medical device to orient 
the distal end of the medical device; a computer for con- 
trolling the magnet system to generate a specified magnetic 
field in the body part; first and second imaging devices 
connected to the computer, for providing bi-planar images of 
the body part through which the medical device is being 
navigated; first and second displays for displaying the 
images from the image devices; and an input device for 
inputting points identifying the desired path of the medical 
device on each of the displays. The computer is programmed 
to determine the magnetic field necessary to control orient 
the medical device on the path input on the displays. 

2 Claims, 5 Drawing Sheets 
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METHOD AND APPARATUS FOR and the magnet system is operated to create a magnetic field 

MAGNETICALLY CONTROLLING in the direction of this vector, to orient the distal tip of the 

CATHETERS IN BODY LUMENS AND catheter. 

CAVITIES Id accordance with a second embodiment of this 

5 invention, the user identifies three points on the two 

This is a continuation of copending provisional applica- bi-planar displays: a point on the current path of the catheter, 

tion Serial No. 60/095,710; filed on Aug. 7, 1998. me P° int where . the user de P e s to initiate a direction 

change, and a point on the desired new path of the catheter. 

FIELD OF THE INVENTION The identification of the points on the two bi-planar displays 

10 uniquely identifies the points in the three dimensional space 

This invention relates to magnetically controlling inside the body part. The desired angle of deflection is then 

catheters, and in particular to a method and apparatus for determined, and the magnet system is controlled to apply a 

magnetically controlling catheters in body lumens and cavi- magnetic field in a direction that provides the maximum 

t ^ es * over torque (i.e., leads the desired angle of deflection by 90° 

BACKGROUND OF THE INVENTION IS m mC SamC P hnc ^ desircd ^ of dcflection )- The 

BACKGROUND OF THE INVENTION intensity of the magnetic field is determined based upon a 

It has long been proposed to navigate a magnet-tipped table of empirical data which characterizes the required 

catheter through the body with an externally applied mag- magnetic field strength for a given angle of deflection for a 

netic field. See for example Yodh, A New Magnet System for particular medical device. 

Intravascular Navigation, Medical and Biological 2 q Generally, the apparatus of the present invention corn- 
Engineering, Vol. 6, No. 2, March 1968. However, until this prises a magnet system for applying a magnetic field to the 
invention, the methods of navigating have been too crude magnet-tipped distal end of a medical device, to navigate, 
and unreliable for serious medical applications. Thus, at the orient, and hold the distal end of the medical device in the 
present time the guidance of catheters and other medical body. The apparatus also includes a computer for controlling 
devices in body lumens and cavities is still most often 2S the magnet system. First and second imaging devices, con- 
accomplished by providing a bent tip on the device or using nected to the computer, provide images of the body part 
a guide wire with a bent tip. The physician applies torque through which the catheter is being navigated. The computer 
and axial push force on the proximal end of the medical displays these images on two displays. A controller, con- 
device or guidewire to effect tip direction and axial advance- nected to the computer, has a joystick and trigger for the user 
ment at the distal end. This method of orienting and advanc- 30 to input points on the displays for two-point and three-point 
ing the tip has several limitations. First, the torque and axial navigation according to the principles of the present inven- 
pusb force is randomly distributed to the distal tip due to the tion. 

length of the catheter and the tortuousness of the path. The method and apparatus of the present invention are 

Second, the alignment of the catheter in the required direc- particularly adapted for use with an elongated medical 

tion needs to be synchronized with the advancement of the 35 device such as a catheter, but could be used with a guidewire 

catheter without changing the catheter orientation. With or other device. In the preferred embodiment, the catheter 

these two complications, it becomes very difficult to control consists of a distal section that contains a permanent or 

the distal tip of the catheter from the proximal end. Another permeable magnet with an inner hole to allow the passage of 

method of navigating medical devices through the body is to fluids and other agents. 

use blood flow in blood vessels to guide the device through 40 The method and apparatus of this invention allow for fast 

the blood vessels. Although these navigation techniques are an( j efficient navigation of magnetic tipped catheters and 

effective, they are tedious, require extraordinary skill, and other medical devices in the body. The method and appa- 

result in long medical procedures that fatigue the user. ratus provide an easy to use, intuitive interface that allows 

the user to identify the desired path on an image of the body. 
45 The angle of change and the necessary magnetic field to 
The method and apparatus of the present invention facili- effect that change are automatically determined. The deter- 
late the navigation of a magnet-tipped medical device mination of the necessary magnetic field automatically 
through body lumens and cavities. Generally, the method of accounts for the lag angle and other physical properties of 
the present invention comprises: inputting information about the catheter. A limit on the angle of deflection can also be 
the desired path of the medical device; determining the 50 imposed to reduce the time necessary for the magnet system 
appropriate magnetic field direction and intensity to orient to operate, thereby speeding the navigation through the 
the distal end of the medical device in the direction of the body. These and other features and advantages will be in part 
desired path, and applying a magnetic field to the distal end apparent, and in part pointed out hereinafter, 
of the medical device to orient the distal end in the direction BRffiF DESCR iFnON OF THE DRAWINGS 
of desired path. In accordance with this invention, path 55 

information is input by providing bi-planar displays of the mG 1 * a schematic view of an apparatus for navigating 

portion of the body through which the medical device is a c^eter through body lumens and cavities in accordance 

being navigated. The desired path, and more particularly ^ ^ principles of this invention; 

points along the desired path, is identified, on each of the FIG- 2 is a top plan view of a magnet-tipped catheter of 

displays. In accordance with a first embodiment of this 60 mc t YP c mat can be used in the method and with the 

invention, the user identifies the point where the user desires apparatus of this invention; 

a direction change (which is usually where the catheter tip FIG. 3 is a perspective view of the distal end of the 

is positioned) and a point on the desired new path on each catheter, provided with a coil spring in accordance with an 

of the displays. The identification of the points on the two alternate construction of the present invention; 

bi-planar displays uniquely identifies the points in the three 65 FIG. 4 is a front elevation view of a possible layout of one 

dimensional space inside the body part. The direction of the of the displays employed in the apparatus of the present 

line or vector including the two points is then determined, invention; 
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FIGS. 5A-5D are front elevation views of the two dis- catheter. A bi-planar background image is then captured, 

plays employed in the apparatus of the present invention, While injecting x-ray opaque contrast dye, a bi-planar 

showing the steps for inputting points for the two-point roadmap image is stored. Using the joystick 38, the pbysi- 

navigation system of the first preferred embodiment; cian indicates the direction to orient the catheter. This is 

FIGS. 6A-6F are front elevation views of the two displays 5 accomplished by selecting several points on each of the 

employed in the apparatus of the present invention, showing ™y A vanet y of suitable computer systems 

the steps for inputting points for the three-point navigation processors arc available The inventors have 

system of the second preferred embodiment; ^^TttV^ £ ^^^ST 0 '' 

' r ' a Datacube MV-200 Image Processing Module, and a Matnx 

FIG. 7 is a perspective view illustrating the determination Daadio Multi-function I/O Module, 

of the angle of deflection from the present catheter path to » jh e i^gjng devices 28 and 30 are preferably x-ray 

the desired catheter path in the second preferred embodi- flualos(;op|: ^ a , pfovide f ^ ^ ^ 

meDt ' through which the catheter 24 is being navigated. The 

FIG. 8 is a schematic view of how the method and imaging devices 28 and 30 are arranged so that each 

apparatus of the present invention can be used to guide and provides an image of the same portion of the body part, but 

hold a catheter for the treatment of an aneurysm in a blood at different orientations or planes. The imaging devices 28 

vessel; anc j 39 m preferably oriented at right angles to each other 

FIG. 9 is a perspective view of a catheter with a bent distal so that their respective images are in perpendicular planes, 

end portion according to an alternate construction of the but this is not essential. When perpendicular, the imaging 

present invention; and 2Q device 28 provides a view in the X-Z plane and the imaging 

FIG. 10 is a perspective view of the distal end of a catheter device 30 provides a view in the Y-Z plane. The imaging 

showing a method of securing a magnet on the distal end. devices 28 and 30 are connected to the computer 26, which 

Corresponding reference numerals indicate correspond- processes the image signals and displays the processed 

ing parts throughout the several views of the drawings. images on displays 32 and 34. The displays 32 and 34 show 

25 the internal structure of the body part through which the 

DETAILED DESCRIPTION OF THE catheter 24 is being navigated, as well as the present location 

PREFERRED EMBODIMENT 0 f the catheter in the body part. As shown in FIG. 4, the 

An apparatus for navigating a medical device through images are displayed on the screen of the displays 32 and 34. 

body lumens and cavities constructed in accordance with the Th e displays 32 and 34 can also provide other status 

principles of this invention is indicated generally as 20 in 30 information about the system 20, for example, the status of 

FIG. 1. The apparatus 20 includes a magnet system 22 for me magnet system 22. In the preferred embodiment, there 

applying a magnetic field to the magnet-tipped distal end of are tw0 separate displays 32 and 34, each on a separate 

a medical device such as catheter 24, to navigate the distal display device. However, it should be understood that both 

end of the catheter through a portion of the body. While the displays 32 and 34 could be displayed juxtaposed on a single 

description of the preferred embodiment references catheter 35 display device, or the displays 32 and 34 could be displayed 

24, it is understood that method and apparatus apply to other alternately on a single display device, 

medical devices having magnetically steerable distal ends, Although in the preferred embodiment two imaging 

e.g., guidewires, endoscopes, etc. The apparatus 20 also devices are used, other imaging techniques, for example CT 

includes a computer 26 for controlling the magnet system or MRI imaging can be used, which can provide a three 

22. First and second imaging devices 28 and 30, connected 40 dimensional image of the body part with just one imaging 

to the computer 26, provide bi-planar images of the body device. In such a case, a single imaging device may be used 

part through which the catheter 24 is being navigated. The instead of two imaging devices. Furthermore, while in the 

computer 26 displays these images on displays 32 and 34. preferred embodiment two displays 32 and 34 are used, it 

The computer 26 also displays interface information on the may be possible through image processing or through the 

displays to facilitate inputting information about the desired 45 use of three-dimensional imaging techniques such as CT or 

path. A controller 36, connected to the computer 26, has a MRI imaging, to show the body part in three dimensions in 

joystick 38 and trigger or button 40 for the user to operate a single display. In this case, the desired catheter path or 

the apparatus 20. The magnet system 22 is preferably a set points on the desired catheter path can be identified on the 

of electromagnetic coils that can be disposed around the single display without departing from the principles of this 

body part to create a magnetic field within the body part of 50 invention. 

variable direction and intensity. A suitable magnet system 22 The computer 26 also provides an interface for the user to 
is that disclosed in U.S. Pat. No. 4,869,247, issued Sep. 26, control the magnet system 22 through the displays 32 and 
1989, entitied Video Tumor Fighting System and U.S. Pat. 34. The user identifies the desired path for the catheter 24 on 
No. 5,125,888, issued on Jun. 30, 1992, entitled Magnetic each of the displays 32 and 34. This is conveniently done 
Stereotactic System for Treatment Delivery, the disclosures 55 with the joystick controller 36, which can manipulate mark- 
of which are incorporated herein by reference. ers that the computer 26 overlays on the displays 32 and 34 
The computer 26 preferably includes an image processing to identify points on the desired path of the catheter 24 for 
module programmed to input the x-ray images from the providing input information to the computer 26 for control- 
imaging devices 28 and 30, and overlaying the text of the ling the magnet system 22. 

system's status and displaying the current position of the 60 According to a first embodiment of this invention, the user 

joystick controller 36 (i.e., the cursor). The computer 26 identifies the desired path of the distal tip of the catheter 24 

provides standard capabilities that would be utilized in a on each the displays 32 and 34 by identifying a point on the 

typical x-ray imaging suite. Those features include bi-planar display where the user desires to change the direction of the 

fluoroscope, background images, roadmaps, fluoroscope catheter (typically where the catheter tip is positioned) and 

over roadmaps, roadmap acquisition review, image storing, 65 a point on the desired new path of the distal tip of the 

in addition to other features. To direct the catheter 24, the catheter. From the identification of these points, the desired 

user first enables the fluoroscope mode to position the three dimensional orientation of the distal end of the catheter 
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is determined. Once the desired orientation is determined, 
the magnet system 22 applies a magnetic field of the 
orientation and strength-specified. According to a second 
embodiment of this invention, the user identifies the current 
path and the desired path of the distal tip of the catheter on 
each of the displays by identifying a point on the current 
path of the distal tip of the catheter, a point where the user 
desires to change the direction of the catheter, and a point on 
the desired new path of the distal tip of the catheter. From 
the identification of these points, the desired angle of deflec- 
tion is determined. Once the desired angle of deflection is 
determined, the appropriate orientation and field intensity of 
the magnetic field are determined. In the second preferred 
embodiment, the orientation of the magnetic field leads the 
desired angle of deflection by 90° so that the magnetic field 
applies a maximum over torque to the distal tip of the 
catheter. The intensity of the magnetic field is determined 
from an empirically determined table of field intensities 
required to achieve a desired deflection angle, for the 
particular catheter 24. 

The output of the x-ray/fluoroscopes 28 and 30 are 
connected to the computer 26 with an image processing 
module. The image processing module is programmed to 
input the x-ray images, apply overlay text of the system 
status, and to indicate the current position of the joystick 
controller (the cursor). The user uses the joystick 38 of the 
joystick controller 36 to select positions on the x-ray images 
on the displays 32 and 34 to indicate the desired orientation 
of the catheter 24. After selecting the orientation of the 
catheter, a button is pressed on the joystick controller 36 to 
initiate computer control of the magnet system 22. The 
computer 26 computes the required external magnetic field 
strength and/or direction to orient the catheter 24 as indi- 
cated on the displays 32 and 34. From this calculation, the 
computer 26 determines the power settings of each of the 
magnet coils within the magnet system 22. The computer 26 
then programs digital-to-analog output modules to the deter- 
mined settings to control each of the magnet power supplies 
in the magnet system 22. The composite field generated by 
each of the magnets within the magnet system 22 is equiva- 
lent to the predetermined field direction and strength for the 
current catheter tip location. 

The computer 26 provides a convenient user interface to 
facilitate the input of orientation information via the displays 
32 and 34. More specifically, in the two point navigation 
system of the first preferred embodiment of the present 
invention, the user identifies the point where the user desires 
to change the direction of the catheter by manipulating a 
marker over this point on one of the displays with the 
joystick 38 of controller 36, and locking the marker in place 
by pressing one of the buttons 40 on the joystick controller. 
The user then identifies a point on the desired new path of 
the catheter 24 in the same manner, using the joystick 38 of 
controller 36 to manipulate a marker over this point on the 
display, and locking the marker in place by pressing one of 
the buttons 40 on the joystick controller. After these two 
points have been identified on the display, the user then 
switches to the other display and identifies the two points on 
the other display in the same manner, using the joystick 38 
of the joystick controller 36 to manipulate markers over the 
points, and locking the markers in place by pressing one of 
the buttons 40 on the joystick controller. Indicia appear on 
the second display to indicate the line along which the points 
identified on the first display lie, to facilitate the identifica- 
tion of the points on the second display. 

Additional controls can be provided, for example buttons 
41 on controller 36, to refine the direction control of the 
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medical device. For example, in the two-point navigation 
system of the first preferred embodiment, the buttons 41 
could increase and decrease the field strength. Increasing the 
field strength causes the distal end of the catheter to more 

5 closely conform to the magnetic field direction, decreasing 
the lag angle, and decreasing the field strength increases the 
lag angle. In the three-point navigation system, the buttons 
41 could increase or decrease the field strength and/or 
change the direction of the magnetic field, to increase and 

10 decrease the angle of deflection. These controls allow fine 
adjustment of the catheter orientation without the need to 
reposition the catheter tip using the two-point or three-point 
navigation system. 

The identification process in the two-point navigation 

is system of the first preferred embodiment is shown in FIGS. 
5A-5D. In FIG. 5A, the user uses joystick 38 on the joystick 
controller 36 to manipulate marker 42 on display 32 over the 
point where the user wants to change the direction of the 
catheter and presses button 40 to lock the marker in place. 

20 In FIG. 5B, the user then uses the joystick 38 on the joystick 
controller 36 to manipulate marker 44 on the display 32 over 
a point on the desired new.path of the catheter, and presses 
button 40 to lock the marker in place. Once these two points 
have been identified, the user switches to display 34. In the 

25 preferred embodiment this is done by using the joystick 38 
to manipulate a cursor on the display 32 to the display, 
adjacent to display 34, to cause the cursor to switch to the 
display 34. As shown in FIG. 5C, indicators 46 appear at the 
top and bottom of the display 34 to indicate the line along 

30 which the marker 42 on display 32 lies, to help the user 
identify the same point on display 34. The user then uses the 
joystick 38 on the joystick controller 36 to manipulate 
marker 48 over the corresponding point on display 34 where 
the user wants to change the direction of the catheter. When 

35 the marker 48 is properly positioned, the user locks the 
marker in position by pressing a button 40 on the joystick 
controller 36. As shown in FIG. 5D, indicators 50 then 
appear at the top and bottom of the display to indicate the 
line along which marker 44 on screen 32 lies, to help the user 

40 identify the same point on display 34. The user uses the 
joystick 38 on the joystick controller 36 to position marker 
52 on a point on the desired new path of the catheter, and 
locks the marker by pressing a button 40 on the joystick 
controller. 

45 The markers 42 and 48 on screens 32 and 34, respectively, 
identify the point where the user desires to change the 
direction of the catheter, and preferably have similar size and 
shape to indicate to the user that they identify the same point. 
In the first preferred embodiment markers 42 and 48 are 

50 medium circles, but could, of course, have some other size, 
shape, and appearance. Similarly, the markers 44 and 52 on 
screens 32 and 34, respectively, identify a point on the 
desired new path of the catheter, and preferably have similar 
sizes and shapes to indicate to the user that they identify the 

55 same point In the first preferred embodiment markers 44 
and 52 are small circles, but could, of course, have some 
other size, shape, and appearance. 

The markers 42 and 48 and 44 and 52 identify unique 
points in three dimensional space in the body part. The 

60 computer 26 determines the direction of the line between 
these two points, and cause the magnet system 22 to 
generate a magnetic field in the same direction, which causes 
the magnet on the distal end of the catheter 24 to align the 
distal end of the catheter in the same direction. The intensity 

65 of the magnetic field is preset or selected by the user 
balancing the need for magnetic field strength versus the 
need for efficiency. 
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The identification process in the three -point navigation 
system of the second preferred embodiment is shown in 
FIGS. 6A-6F. In FIG. 6A, the user uses joystick 38 on the 
joystick controller 36 to manipulate marker 54 on display 32 
over a point on the current path of the catheter 24, and 
presses button 40 to lock the marker in place. As shown in 
FIG. 6B, a second marker 56 appears, and the user uses the 
joystick 38 to position this marker over the point where the 
user desires to change the direction of the catheter 24, and 
presses button 40 to lock the marker in position. As shown 
in FIG. 6C, a third marker 58 appears, and the user uses 
joystick 38 to position this marker over a point on the 
desired new path of the catheter 24, and presses button 40 to 
lock the marker in position. The user then switches to the 
second display 34. In the preferred embodiment this is done 
by using the joystick 38 to manipulate the cursor on the 
display to the side of the display 32 adjacent the display 34, 
which causes the cursor to switch to display 34. As shown 
in FIG. 6D, indicators 60 appear at the top and bottom of the 
display 34 to identify the line along which the marker 54 on 
display 32 lies, and the user uses the joystick 38 to manipu- 
late marker 62 to the corresponding point on the display 34, 
and presses button 40 to lock the marker in position. As 
shown in FIG. 6E, indicators 64 appear at the top and the 
bottom of the display 34 to identify the line along which 
marker 56 on display 32 lies, and the user uses the joystick 
38 to manipulate marker 66 to the corresponding point on 
display 34, and presses button 40 to lock the marker in 
position. As shown in FIG. 6F, indicators 68 appear at the 
top and the bottom of the display 34 to identify the line along 
which marker 58 on display 32 lies, and the user uses the 
joystick 38 to manipulate marker 70 to the corresponding 
point on display 34, and presses button 40 to lock the 
marker. 

The markers 54 and 62, 56 and 66, and 58 and 70 each 
define a unique point in the three dimensional space in the 
body part. The computer 26 calculates the angle formed by 
these three points, which is the desired angle of deflection, 
and then controls the magnet system 22 to apply a magnetic 
field of sufficient direction and intensity to cause the distal 
tip of the catheter to bend at this angle. In the preferred 
embodiment the computer 26 controls the magnets to apply 
a magnetic field at a 90° over-torque, i.e., it leads the desired 
angle of deflection by 90°, in the same plane as the desired 
angle of deflection. This application of force normal to the 
desired orientation of the catheter 24 applies the maximum 
torque on the distal end of the catheter, and thus allows the 
minimum field intensity to be used. By applying a 90° over 
torque to the catheter tip, the magnetic field strength can be 
minimized while still achieving the desired angle of deflec- 
tion. Reducing the magnetic field strength reduces the time 
it takes to apply the field. The strength of the applied 
magnetic field is preferably determined based on the prop- 
erties (primarily the lag angle) of the catheter 24. In this 
second preferred embodiment, the intensity of the field 
required to achieve a desired angle of deflection with the 
application of a 90° over-torque is determined for a plurality 
of angles through experiment with a catheter of a given 
stiffness. For example the required field intensity is deter- 
mined for the angles at 15° increments, i.e., for 15°, 30°, 45°, 
60°, 75°, 90°, 105°, 120°, 135°, 150°, and 165°. Where the 
applied field is nearly axial, the bending of the distal end of 
the catheter 24 is unreliable. In such cases, the direction of 
the magnetic field is either limited to a predetermined 
maximum such as 170°, or the computer orients the catheter 
in two steps, first causing the magnet system 22 to apply a 
magnetic field of a first direction at a first intensity, and then 
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causing the magnet system to apply a magnetic field of a 
second direction at a second intensity. The computer 26 uses 
the stored table of data and the desired angle of deflection to 
determine the intensity, interpolating for desired deflection 
5 angles that fall between the increments in the table. 

The markers 54 and 62 on displays 32 and 34, 
respectively, identify a point on the current path of the 
catheter 24, and preferably have similar size and shape to 
indicate to the user that they identify the same point. In the 

10 second preferred embodiment markers 54 and 62 are large 
circles, but could, of course, have some other size, shape, 
and appearance. The markers 56 and 66 on displays 32 and 
34, respectively, identify the point where the user desires to 
change the direction, and preferably have similar size and 

15 shape to indicate to the user that they identify the same point. 
In the second preferred embodiment markers 56 and 66 are 
medium circles, but could, of course, have some other size, 
shape, and appearance. Similarly, the markers 58 and 70 on 
screens 32 and 34, respectively, identify a point on the 

2 0 desired new path of the catheter, and preferably have similar 
sizes and shapes to indicate to the user that they identify the 
same point. In the second preferred embodiment markers 58 
and 70 are small circles, but could, of course, have some 
other size, shape, and appearance. 

25 The amount of time required to change the direction of the 
applied magnetic field is dependent on the field strength 
required to deflect the catheter 24 at a particular angle. 
Generally, the larger the deflection angle required, the stron- 
ger the magnetic field required. Thus, the magnitude of the 

30 field strength can be limited to a predetermined maximum, 
to minimize the delay during navigation, by preselecting a 
maximum catheter deflection angle. The user can select any 
deflection angle, but the actual angle would be limited to a 
preset maximum. While limiting the change to a predeter- 

35 mined maximum angle, the catheter can still be navigated 
successfully through the body, and the delay between mag- 
netic field changes can be minimized. Thus, it is possible to 
preset the maximum angle of change, to for example 45° or 
some other suitable angle. In this example, all angles 

40 requested by the user would be reduced to 45°. 

In the first preferred embodiment, the computer 26 is 
programmed to reconstruct the data for each of the points 
(the X-Z data input from display 32 and the Y-Z data input 
from display 34) into a point in three dimensional space. The 

45 computer 26 then determines the vector between the first 
point (identified by markers 42 and 48) and the second point 
(identified by markers 44 and 52), and controls the magnet 
system 22 to create a magnetic field within the body part in 
the same direction as the vector. Such a method of control- 
so ling the motion direction is disclosed in co-pending U.S. 
patent application Ser. No. 08-920,446, filed Aug. 29, 1997, 
entided Method and Apparatus for Magnetically Controlling 
Motion Direction of a Mechanically Pushed Catheter. The 
strength of the magnetic field can be predetermined by the 

55 system or selected by the user, balancing the accuracy of the 
positioning of the catheter against the increased coil ramp 
time required for greater field strength. 

In the second preferred embodiment, the computer 26 is 
programmed to reconstruct the data for each of the points 

60 (the X-Z data input from display 32 and the Y-Z data input 
from display 34) into a point in three dimensional space. The 
computer 26 then determines the vector between the first 
point (identified by markers 54 and 62) and the second point 
(identified by markers 56 and 66) and the vector between the 

65 second point and the third point (identified by markers 58 
and 70), and the angle between these vectors, which equals 
the desired angle of deflection. The computer 26 adds 90° to 
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the desired angle of deflection (in the same plane as the 
desired angle of deflection) to over torque the distal end of 
the catheter. The computer 26 automatically limits the angle 
of the magnetic field to less than a predetermined angle, 
preferably 170°. The computer 26 then determines the 
appropriate magnetic field intensity in a look-up table of 
empirically collected field intensities to achieve desired 
angle of deflections with a 90° over torque. The computer 26 
linearly interpolates for angles of deflection between those 
in the look-up table. 

The computer 26 then controls the magnet system 22 to 
establish a magnetic field in the body part with the deter- 
mined field direction and field intensity. 

The catheter is then manually advanced. Following 
advancement, the magnet system 22 is disabled to remove 
the external magnetic field. Alternatively, the physician 
could utilize the system to hold the catheter during treatment 
or pull the catheter. 

A catheter 24 adapted for use with the navigation method 
and apparatus of the present invention is shown in FIGS. 2 
and 3. The catheter 24 has a proximal end 74 and a distal end 
76. There is preferably at least one magnet 78 in the distal 
end of the catheter. This magnet 78 may either be a perma- 
nent magnet or a permeable magnet. The magnet 78 is of 
sufficient size to cause the distal end portion of the catheter 
to align with an applied magnetic field. The catheter 24 tends 
to resist this alignment because of stiffness of the material 
and other physical properties, and this resistance is mani- 
fested in a "lag angle'* between the direction of the applied 
magnetic field at a given intensity, and the direction of the 
distal end of the catheter. In accordance with the principles 
of this invention, this lag angle is characterized, either as a 
formula or in a look-up table, so that it can be taken into 
account in determining the magnetic field intensity to apply 
to control the distal end of the catheter. 

The magnet 78 preferably has an annular shape and is 
secured at the distal end of the catheter, for example by 
embedding the magnet in the wall of the catheter, or attach- 
ing it to the end of the wall of the catheter, for example with 
adhesive. In an alternative construction, a plurality of spaced 
magnets can be provided in the distal end of the catheter. In 
the embodiment shown in FIG. 3, the magnet 78 is a coil 79 
of magnetically permeable material embedded in the distal 
end portion of the wall of the catheter, which can be oriented 
in a magnetic field. In the embodiment shown in FIG. 10, a 
sleeve 88, which could be made from stainless steel or 
titanium, is disposed in the distal end of the catheter, and 
projects from the distal end, and an annular magnet 78 fits 
over the sleeve 88 and is secured, for example, with adhe- 
sive. 

An alternative construction of the catheter 24* is shown in 
FIG. 9. Catheter 24' is similar in construction to catheter 24 
except that the distal end portion of catheter 24* has a bend 
82 formed therein. The catheter 24* works with the method 
and apparatus of the present invention. The application of a 
magnetic field causes the catheter 24' to rotate about its axis 
so that the bend faces the desired direction. The bend thus 
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reduces the field strength that must be applied to orient the 
distal end of the catheter 24'. This reduces the amount of 
time required by the magnet system 22 and speeds naviga- 
tion. 

5 OPERATION 

An application of the navigation method and apparatus of 
the present invention is illustrated in FIG. 8, where, as part 
of an interventional neuroradiology procedure, platinum 

1Q coils 80 are inserted into an aneurysm to occlude the 
aneurysm. In the past problems have occurred due to ran- 
domness in the placement of the coils. The location where a 
coil 80 ends up depends upon the position of the tip of the 
catheter 24. In FIG. 8, catheter 24 has been navigated 

l5 through blood vessel V, to the site of an aneurysm A. The 
two-point or three-point navigation system for inputting the 
desired orientation of the end of the catheter 24 can be used 
to accurately orient the end of the catheter so that the 
catheter can be advanced into the aneurysm A, to deliver 

2Q coils 80 or other therapeutic agents to the aneurysm A. The 
two-point or three point navigation of the present invention 
allows more precise control of the position of the distal end 
of the catheter 24, to better distribute the coils 80 in the 
aneurysm A 

25 What is claimed is: 

1. A method of navigating a magnet- tipped distal end of 
an elongate medical device through the body, the method 
comprising the steps of: 

providing bi-planar image displays of the body part 

30 through which the catheter is being navigated; 

inputting points on a desired path for the medical device 
in three dimensions by identifying each point on the 
two bi-planar displays of the body part, including a first 
point on the current path of the medical device, a 

35 second point where the user desires to change the 
direction of the medical device, and a third point on the 
desired new path for the medical device; 
determining the direction of a magnetic field capable of 

^ orienting the distal end of the medical device to cor- 
respond with the direction of the desired path between 
the second point and the third point, by determining the 
desired angle of deflection by determining the angle 
between a line between the first and second points and 

4S a line between the second and third points, and deter- 
mining the direction of a magnetic field to achieve the 
desired angle of deflection and adding 90° to the 
desired angle of deflection; 
applying the determined magnetic field to the distal end of 

50 the medical device to orient the distal end of the device 
in the direction of the desired path; and 
advancing the medical device to move the distal end of the 
device in the direction in which it is oriented by the 
magnetic field. 

55 2. The method according to claim 1 wherein the maxi- 
mum angle of the applied field is less than about 170°. 

♦ * * * * 
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